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SUMMARY 


The  results  of  our  analysis  show  that  energy  savings 
and  corresponding  cost  savings  which  could  be  realized 
by  employing  set-back  strategies  are  dependent  on  location, 
heat  pump  capacity,  and  amount  of  set-back.  While  some 
manufacturers  may  believe  that  it  is  not  economical  regard¬ 
less  of  the  situation?,  many  feel  this  is  not  the  case. 

It  is  probable  that  the  right  combination  of  outdoor  tempera¬ 
ture,  heat  pump  capacity,  and  amount  of  set-back  make  savings 
possible.  However,  energy  savings  do  not  guarantee  cost 
savings.  The  decision  on  priorities  must  be  made  before 
set-back  is  initiated.  And  because  cost  may  be  the  deciding 
factor  in  most  cases,  the  life  cycle  cost  becomes  an  imporr- 
t.ant  quantity. 

The  remainder  of  the  report  deals  with  the  advantages 
and  disadvantages  associated  with  set-back  of  thermostats 
for  heat  pump  systems.  The  conclusions  which  this  study 
has  lead  to  are: 

1.  Further  model  studies  and  field  data  must  be  obtained 
before  savings  predictions  can  be  taken  as  completely 
reliable  and  accurate. 

2.  Microcomputer  controlled  thermostats  are  not  widely 
available  for  heat  pump  systems.  They  must  become 
available,  at  a  cost  effective  price,  before  set-back 
becomes  accepted  on  a  popular  basis. 

3.  Savings  are  mostly  dependent  on  outdoor  temperature, 
heat  pump  capacity,  and  amount  of  set-back. 

4.  Energy  savings  are  greater  in  percent  in  warm  climates 
but  greater  in  total  consumption  savings  in  cold  cli¬ 
mates.  Therefore,  since  fuel  costs  ar6  the  main  consid¬ 
eration,  cost  savings  will  be  greater  in  percent  in  cold 
climtes. 


Thermostat  set-back  of  air-to-air  heat  pumps  has  been 
a  controversial  subject  for  several  years.  With  a  conventional 
fixed-capacity  heating  system  any  reduction  in  thermostat 
set-point'  wi  11.  usually  give  a  corresponding  proportional 
energy  savings. ^  A  heat  pump  in  the  heating  mode  does  not 
operate  on  the  same  principle.  The  morning  recovery  period 
energy  consumption  sometimes  can  offset  the  savings  achieved 
at  night. In  addition,  a  peak  demand  occurs  in  the  morning 
when  the  thermostats  are  set  up,  a  consideration  which  is  not 
beneficial  to  those  Army  installations  which  generate  their 
own  electricity.  • 

Because  of  these  problems  and  the  complexity  of  air-to- 
air  heat  pumps  systems,  the  exact  energy  savings  are  rather 
difficult  to  assess.  It  was  the  objective  of  this  study  to 
determine  the  energy  savings  and  life  cycle  costs  of  heat 
pump  systems  employing  thermostat  night  set-back.  Comparisons 
between  alternative  systems  and  conventional  presently  used 
systems  as  well  as  availability,  reliability  and' safety  code 
compliance  were  also  studied. 

The  procedure  used  was  to  evaluate  all  previous  litera¬ 
ture  on  night  set-back  of  heat  pumps,  confirm  the  latest 
opinions  of  noted  experts,  and  independently  analyze  life 
cycle  data  based  on  DoE  projected  energy  costs  and 
figures  for  performance,  availability  and  reliability. 
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INTRODUCTION 


The  practice  of  setting-back  thermostats  during  the 
heating  season  has  generated  a  large  amount  of  feedback 
since  its  wide  spread  acceptance.  Several  facts. have 
been  recognized.  Obviously,  lowering  the  indoor  temperature 
decreases  the  heating  load.  Lowering  the  indoor  temperature 
affects  the  comfort  of  the  occupants.  It  is  an  effective 
method  of  reducing  building  heat  loss  and  fuel, consumption 
of  conventional  fixed  capacity  heating  systems  (i.e.,  fossil 
fuel  fired  and  electrical  resistance  heating  systems)  .  H 
The  practice  of  lowering  the  indoor  temperature  only  at 
night  is  a  subject  which  is  even  more  controversial.  Very 
few  facts  have  been  recognized.  It  lowers  the  building 
heating  load.  It  requires  a  morning  recovery  period  during 
set-up  of  the  thermostat.  This,  in  turn,  may  pose  a  demand 
problem  for  the  utility.  The  problems  that  can  be  expected 
differ  vastly  depending  on  the  types  of  heating  system. 
Although  climatological,  technological,  and  reliability 
considerations  are  important,  the  most  important  single 
factor  is  the  type  of  heating  system.  Most  experts  concede 
that  the  set-back,  whether  continuous  or  night  only,  of 
fixed  capacity  systems  is  a  relatively  simple  problem. 

This  is  not  true  for  set-back  of  air-to-air  heat  pump 
thermostats. 


It  is  the  primary  objective  and  purpose  of  this  report 
to  assess  the  advantages  and  disadvantages  of  setting-back 
thermostats  with  heat  pump  systems.  Obviously,  this  is  not 
an  easy  task.  The  subject  is  very  complex,  especially  when 
night  set-back  is  the  major  topic, 
heat  pump,  controls  and  teaching 
agreement  about  the  economics  of 
To  fully  understand  the  reasons 
some  background  information  will 


Fixed  Capacity  System  Character 


istics 
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er  to  those  systems  which 
nt  of  climate.  In  other 
re  those  systems  which  con- 
nd  are  totally  dependent 
efficiency  for  their  corres- 


4 


Consider  this  example.  A  gas  furnace  uses  natural 
cjas  with  a  heating  value  of  20,000  ETU  per  pound.  The 
furnace  burns  one  pound  per  hour  at  an  efficiency  of  70%. 

(For  sake  of  simplicity,  duct  losses  are  neglected.)  By 
using  the  following  equation,  HEAT  SUPPLIED  TO  BUILDING  = 
(HEATING  VALUE) (EFFICIENCY) (MASS  FLOW  RATE) ,  The  heat 
supplied  is  calculated  as: 

(20,000  ®TU)  (.70)  (1—)  =  14,000|iy.  OR  1  1/6  TONS,  where  a 

BTU 

ton  is  defined  as  12,000jir7  The  absolute'  best  this  system 
can  do  if  the  efficiency,  fuel  used,  and  mass  flow  re.main 
constant  is  to  heat  with  a  capacity  of  1  1/6  ton.  Even  if 
the  efficiency  could  be  improved  to  100,  percent,  the  best 
the  system  would  do  would  be  to  produce  20,000  BTU/lb  of  ■ 
fuel.  The  capacity  is  "fixed"  by  the  fuel  and  the  system 
characteristics.  The  outdoor  temperature  affects  the  build¬ 
ing  heat  load.  The  outdoor  temperature  does  not  adversely 
affect  the  efficiency  of  the  system.  This  is  an  important 
point  when  considering  whether  set-back  at  night  is  economical. 
Gas  furnaces  are  certified  by  the  American  Gas  Association 
and  are  tested  by  ANSI  (American  National  Standard  Institute) 
procedures  to  have  a  combined  combustion  and  heat  exchange 
efficiency  of  75  percent  at  full-load  steady-state  operation. 
There  are  numerous  assertions  that  the  seasonal  fuel  utili¬ 
zation  efficiency  of  gas  and  oil-fired  residential  heating 
systems  is  35  percent  to  50  percent.*2  It  is  interesting  to 
note  that  85  percent  of  all  residential  heating  systems  are 
combustion  type  systems. 

Unit  electric  resistance  heating  systems  are  Iso  fixed 
capacity  systems.  It  is  usually  assumed  that  all  of  the 
elecurical  energy  is  converted  to  heat  energy  and  then  deposi¬ 
ted  to  the  room.  Because  of  this  assumption,  the  system 
efficiency  is  taken  to  be  100  percent.  The  fuel  utilization 
efficiency  is  then  equal  to  the  efficiency  at  which  the  elec¬ 
tricity  is  generated.  The  national  average  of  32.6  percent 
together  with  an  89  percent  distribution  efficiency  makes  the 
fuel  utilization  efficiency  of  electrical  resistance  heating 
systems  29  percent. ** 

Heat  Pump  Systems 

Heat  pumps,  although  they  also  employ  electricity  as 
the  primary  fuel,  are  unique  in  a  number  of  ways.  Most  notably, 
they  have  the  ability  to  provide  space  heating  in  the  winter 
and  cooling  in  the  summer.  They  are  more  complex  than  fixed 
capacity  systems.  As  a  result,  maintenance  and  investment 
costs  are  greater.  In  addition,  less  is  known  about  their 
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operating  characteristics  under  various  conditions.  They 
are  not  fixed  capacity  systems  because  their  efficiency, 
or  coefficient  of  performance,  changes  as  the  outdoor  temper¬ 
ature  changes.  And  as  the  efficiency  changes,  the  capacity 
also  changes.  Another  condition  which  effects  COP  (total 
work  out/total  energy  in)  is  defrost.  A  heavy  buildup  of 
frost  on  the  outdoor  coil  adversely  effects  COP  and  so  does 
the  efficiency  of  the  defrost  operation.  In  short,  an  increase 
in  moving  parts  .causes  a  decrease  in  .reliability  and  an  increase 
in  use  of  electrical  resistance  heat  causes  a  decrease  in  COP. 
Since  COP  is  typically  no  less  than  1.50,  the  fuel  utilization 
is  typically  no  less  than  .29  (1.50),  or  0.435  (43.5%) -  Duct 
losses  are  usually  greater  for  heat  pumps  than  fixed  capacity 
systems  but  still  not  large  enough  to  significantly  reduce 
FUE  (fuel  utilization  efficiency) .  Many  articles  are  currently 
available  which  present  an  up-to-date  review  of  heat  pump 
characteristics .  ^ ^ 

Factors  Effecting  Set-Back 

The  factors  which  effect  set-back  potential  savings 
most  importantly  are  outride  temperature,  amount  of  set-back, 
and  control  scheme.  Lower  outdoor  temperatures  crease  the 
heating  load  of  the  building.  Also,  the  efficiency  of  fixed 
capacity  systems  is  increased  because  of  increased  on-time. 

Heat  pumps  are  different.  Although  compresor  on-time  does 
increase  COP,  the  lower  outdoor  temperature  significantly 
decreases  capacity.  As  a  result,  the  need  for  less  efficient 
electric  resistance  heating  is  increased,  reducing  the  over?1  j. 
COP.  During  the  morning  recovery  period  this  problem  is 
exaggerated.  Usually  the  coldest  part  of  the  day  is  encountered  ■ 
when  recovery  to  normal  temperature  is  desired.  At  this  point, 
the  other  two  major  factors  become  evident.  If  the  Amount  of 
setback  is  small,  the'  recovery  period  is  shorter.  The  comfort 
level  is  reached  quicker,  the  peak  demand  is  smaller,  and  the 
use  of  electric  heat  is  decreased.  The  energy  savings  acrued 
during  the  night  also  are  smaller.  The  savings  will  be  greater 
if  the  amount  of  setback  is  large  (10°F  or  more).  However,  the 
recovery  period  will  be  long,  causing  poor  comfort  conditions, 
increased  peak  demand,  and  increased  possibilities  that  energy 
savings  will  be  defeated.  Apparently,  there  is  an  optimum 
setback  amount  to  produce  greatest  energy  savings.  The  control 
scheme  is  of  great  importance  when  considering  morning  recovery. 
In  general,  the  best  control  scheme  is  one  which  most  effectively 
decreases  use  of  electric  resistance  heat,  increases  compressor 
on-time,  and  maintains  comfortable  living  conditions  while 
reducing  peak  demand.  To  accomplish  this  complex  task,  the 
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controls  will  probably  require  an  override  capability  which 
could  be  triggered  at  regular  intervals. 

Previous  Setback  Studies 

The  results  of  previous  setback  studies,  which  have  been 
conducted  by  several  manufacturers  of  heat  pumps  and  controls 
will  be  discussed  in  the  literature  survey  section. 

Temperature  setback  is  a  generally  effective  technique 
to  reduce  heating  energy  consumption.  Whenever  the  space 
temperature  is  lowered  and  raised  to  correspond  to  occupancy 
schedules,  the  average  space  temperature  and  heat  load  will 
be  lower  relative  to  a  constant  comfort  temperature.  However, 
the  energy  conservation  related  to  setback  is  dependent  on 
the  type  of  heating  system.  An  elQctric  resistance  heating 
system  is  immune  to  inefficiencies  caused  by  temperature 
variations  since  it  operates  at  100%  efficiency  all  the  time. 

A  fossil  fuel  heating  system's  efficiency  is  inversely  pro¬ 
portional  to,  the  number  of  operating  cycles.  Therefore,  during 
morning  warmup,  the  furnace  runs  continuously  for  long  periods 
of  time  and  is  operating  at  its  optimum  steady  state  efficiency. 
Setback  with  a  fossil  fuel  heating  system  actually  improves  the 
seasonal  efficiency  of  the  heating  system  as  well  as  lowers  the 
average  heat  load.  Unfortunately,  heat  pumps  do  not  follow 
this  line  of  logic.  While  the  actual  heat  load  will  be  lower 
using  setback,  the  energy  consumption  and  cost  may  increase 
with  the  heat  pump.  The  paradox  occurs  during  morning  warmup 
when  the  electric  resistance  backup  heaters  are  automatically, 
switched  on  by  the  2-stage  room  thermostat  (assuming  conven¬ 
tional  control  scheme) .  This  happens  because  the  heat  pump 
can  adequately  maintain  room  temperature  but  not  rapidly  raise 
the  temperature  when  desired  during  morning  recovery.  The 
conclusions  that  may  be  reached  concerning  temperature  setback 
are: 

1.  Electric  resistance  heating  systems  such  as  electric 
baseboard,  will  benefit  from  setback  in  a  logical 
straight  forward  manner. 

2.  Fossil  fuel  heating  systems  will  redeive  maximum 
efficiency  benefits  from  setback. 

3.  Heat  pump  systems  present  more  complex  and  contro¬ 
versial  problems  than  db  fixed  capacity  systems. 

This  report  adresses  this  last  conclusion  and  presents  up- 
to-date  heat  pump  setback  information. 
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LITERATURE  SURVEY 


The  literature  survey  was  conducted  by  Ms.  Judith  Gerber 
who  is  chief  librarian  of  the  Johns-Manville  Research  and 
Development  Information  Center.  The  principle  resources  were 
computer  based  searches.  The  sources  reviewed  in  April  of 
1980  were: 

COMPEJDEX  -  Engineering  Index 

GPO  Monthly  Catalogue  -  Superintendent  of  Documents. 

U.  S.  Government  Printing  Office. 

ISMEC  (Information  Services  in  Mechanical  Engineering) . 

Data  Courier. 

NT IS  -  National  Technical  Information  Service.  U.  S. 

Department  of  Commerce. 

Abstracts  of  over  200  heat  pump  and  controls  references 
were  reviewed  and  the  complete  texts  of  54  papers  were  read. 
Only  three  references  were  determined  as  critically  pertinent 
to  heat  pump  'setback.  About  a  dozen  other  references  contained 
some  useful  informatin.  The  ASHRAE  handbooks  (Systems  -  1980 
and  Fundamentals  -  1977)  were  very  useful.  The  most  pertinent 
reports  were  also  found  in  ‘the  ASPRAE  Journal. 

The  Reference  Section  refers  to  footnoting  throughout  the 
report.  Bibliography  I  refers  to  references  used  for  the 
report  but  not  quoted  in  the  report.  Bibliography  II  is  an 
all-inclusive  bibliography  containing  all  references  which 
are  related  to  the  subject  of  heat  pumps  or  control  of  heat 
pumps . 

Following  is  a  reproduction  of  the  conclusions  section 
excerpted  from  the  three  most  pertinent  references.  The  re¬ 
maining  useful  references  were  used  throughout  but  their  inc¬ 
lusion  here  was  deemed  unnecessary. 

The  user  of  a  residential  heat  pump  canr  by 
reducing  indoor  temperatures,  decrease  .energy  con- 
1  sumption  for  space  heating  by  about  the  same  perden- 
tage  as  the  user  of  a  fixed  capacity  heating  system. 
Further  reduction  of  temperature  at  night  will  produce 
additional  savings,  with  a  heat  pump,  but  not  by  as 
great  a  percentage  as  may  be  achieved  with  a  constant 
capacity  system.  The  concern  that  increased,  use  of 
auxiliary  resistance  heaters  during  the  morning 
recovery  period  following  night  setback  might  result 
in'  increased  energy  consumption,  rather  than  a  savings, 
is  seen  to  be  unfounded. 

Selection  of  a  heat  pump  for  residential  appli¬ 
cation  is  usually  based  on  its  cooling  capacity  rather 
than  its  heating  capacity.  Compensation  for  inade¬ 
quate  heating  capacity  can  be  provided  by  auxiliary 
resistance  heaters,  at  some  reduction  of  seasonal 
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system  COP;  no  compensation  is  available  for  inade¬ 
quate  cooling  capacity.  Excess  heating  capacity 
results  in  a  short  operating  cycle  accompanied  by 
some  reduction  in  efficiency.  Excess  cooling  capacity 
results  not  only  in  reduced  efficiency,  but  loss  of 
humidity  control  as  well.  A  "properly  sized"  heat 
pump  will,  then,  have  a  cooling  capacity  approximately 
equal  to  the  maximum  hourly  cooling  load  expected. 

Because  the  peak  cooling  loads  for  comparable  houses 
in  different  parts  of  the  country  are  remarkably  ■ 
similar,  the  heat  pump  will  have  excess  heating  capa¬ 
city  where  winters  are  mild,  and  insufficient  heating 
capacity  where  winters  are  severe. 

This  excess  of  heating  capacity  in  mild  climates 
means  that  the  auxiliary  resistance  heaters  will  be 
used  more  during  the  defrost  cycle  (to  prevent  a 
flow  of  chilled  air  into  the  house)  than  for  aug¬ 
menting  the  heat  pump  if  indoor  temperature  is  held 
constant.  If,  following  night  setback  of  temperature, 
rapid  recovery  is  demanded,  there  will'  indeed  be 
increased  energy  consumption  by  the  resistance  heaters. 
This  increase  is,  however,  smaller  than  the  decrease 
in  consumption  by  the  compressor,  so  that  there  is 
a  substantial  net  savings  of  energy. 

Where  winters  are  as  severe  as  these  experienced 
by  Minneapolis,  the  heating  capacity  of  the  heat  pump 
is  expected  to  be  insufficient.  The  principal 
use,  then,  of  the  auxiliary  heaters  is  to  augment  , 
the  heating  capacity  of  the  heat  pump,  rather  than  to 
counter  the  Unpleasant  effects  of.  the  defrost  cycle, 
whether  indoor  temperature  is  held  constant  or  reduced 
at  night.  One  may  then  sxpect  reduced  consumption  by 
both  the  compressor  and  the  auxiliary  resistance  heaters 
■>f  night  setback  of  indoor  temperature  is  anticipated, 
and  of  course,  a  net  reduction  of  energy  consumption 
for  space  heating. 

Summary  and  Conclusions  from  "Savings  in  Energy  Consumption 
by  Residential  Heat  Pumps:  The  Effects  of  Lower  Indoor 
Temperatures  and  of  Night  Setback"  by  R.  D.  Ellison  -1977. 

A  fixed  reduction  in  room  thermostat  setpoints 
has  been  shown  to  be  a  very  effective  and  essentially 
foolproof  means  for  reducing  energy  consumption  with 
a  residential  heat  pump  system.  For  the  severe  northern 
climate  (Minneapplis)  chosen  for  the  present  study, 
approximately  8%  savings  in  seasonal  input  energy  (kWh) 
can  be  achieved  with  a  typical  system  for  each  1°C 
setpoint  reduction  (4%  per  °F) . 


Nighttime  setback  of  room  thermostat  setpoints 
can  also  be  an  effective  energy  savings  method  with 
conventional  heat  pump  heating  systems;.  However, 
much  closer  attention  to  its  control  is  required 
than  for  fixed  capacity  heating  systems , (gas ,  oil, 
or  electric  forced-air  furnaces).  In  particular: 

1.  Large  Thermostat  setback  (3°C  (5°F)  or  more) 

can  lead  to:  ■ 

a.  Small  seasonal  energy  savings.  Increasing 
the  setback  can  increase  the  seasonal 

,  energy  consumption. 

b.  High  morning  power  demand. 

c.  Poor  indoor  comfort  during  the  day. 

2.  The  amount  of  strip  heat  used  for  morning 
recovery  is  critical: 

a.  Large  amount  of  strip  heat  can  cause 

a  net  daily  energy  loss,  particularly, 
if  the  outdoor  air  temperature  is  near 
the  system  balance  point. 

b.  The  amount  of  strip  heat  chosen  mast  consider: 

1.  Indoor  comfort  during  recovery  (high 
capacity  is  desirable) . 

2.  Annual  energy  savings  potential  (low 
capacity  is  desirable). 

3.  A  demand  limiting  device  may  be  effective 
in.  preventing  inadvertent  energy  losses, 
provided  that  satisfactory  indoor  comfort 
can  be  maintained. 

4.  Scheduling  is  critical: 

a.  Night  setback  is  not  always  energy- 
effective  near  the  system  balance 
point.  This  result  is  aggravated  with 
large  supplementary  heat  availability. 

b.  Night  setback,  of  only  the  thermostat 
second  stage  (strip  heat)  would  be 

a  compromise  measure,  providing  reasonable 
nighttime  comfort  as  well  as  energy 
savings.  By  further  eliminating  nighttime 
use  of  strip  heat  for  supply  air  tempering 
during  defrost,  additional  energy  savings 
accrue. 

c.  The  time  of  set-up,  which  is  followed  by 
a  power  demand  peak,  would  obviously 

be  affected  by  the  adoption  of  a  day/night 
electric  rate  structure.  In  this  case, 
the  recovery  period  should  precede  the 
initiation  of  day  rates.  • 

5-  The  maximum  energy  savings  achievable  by  night  set¬ 
back  are  limited.  The  peak  demands  depend  on  the 
sizing  of,  the  heat  puna,  strip  heat  and  the 
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climate.  A  fixed  setpoint  ■  reduction ,  on  the 
other  hand,  will  continue  to  provide  energy 
savings  the  more  the  setpoint  is  lowered. 

An  alternative  to  the  complexities  and  short¬ 
comings  of  night  setback  would  be  to  keep 
thermostat  setpoints  down  during  the  peak 
heating  months  (December,  January,  and  February) . 

Based  on  the  above  considerations,  we  do  not  recommend 
the  general  use  of  thermostat  setback  with  residential 
air-source  heat  pump  systems  at  the  present  time. 

The  controversy  surrounding  setback  with  conventional, 
fixed-output  heating  systems  is  only  now  beginning  to 
be  resolved.  Consumer  education  for  the  more  complex 
heat  pump  operating  characteristics  is  similarly 
only  in  process.  The  combination  of  heat  pumps  and  setback 
represents  a  significant  advancement  in  system  operational 
considerations  which  should  be  approached  cautiously  and 
only  as  further  technical  insights  are  gained  concerning 
the  operating  characteristics  of  such  systems.  The 
general,  unqualified  use  of  setback  with  heat  pumps 
could  lead  to  a  waste  of  available  energy  and  unneces¬ 
sary  burdens'  on  electric  utilities  as  well  as  negative 
consumer  reaction.  Instead,  we  recommend  the  promotion 
of  fixed  thermostat  setback. 

In  the  near  future,  we  can  expect  to  see  new, 
more  sophisticated  heat  pump  controls  which  will  be 
specifically  designed  to  achieve  the  maximum  energy 
savings  with  periodic  setback,  by  integrating  all  the 
pertinent  data;  i.e.  indoor  and  outdoor  temperatures, 
heating  load,  heat  pump  capacity,  time  of  day,  etc. 

New  heat  pump  designs  Will  also  be  offered  to  the 
consumer  with  higher  heating  Capacities  at  low  outdoor 
temperatures,  thus  redyeing  the  reed  for  auxiliary 
heating  elements.  All  of  these  features  will  help  to 
insure  that  periodic  thermostat  setback  with  heat 
pumps  will  achieve  its  full  sayings  potential  without 
adding  unnecessary  complications  to  this,  more  complex 
type  heating  system. 

Conclusions  from  "Energy  Savings  Through  Thermostat 
Setback  with  Residential  Heat  Pumps"  by  Dr.  Charles 
E.  Bullock,  -  1978. 

For  those  systems  studied,  a  thermostat  night 
setback  of  10°F  was  effective  in  reducing  energy 
consumption.  Night  setback  reduced  total  heating  energy 
requirements,  even  considering  the  need  for  auxiliary 
electric  resistance  heating  for  morning  pickup.  Actual 
dollars  savings  will  be  dependent  on  current  end  future 
rate  design. 


Depending  on  the  location  and  control  scheme  used, 
reduction  in  energy  consumption  ranged  from  5.5%  to 
20%  with  night  setback  of  a  two-stage  thermostat. 

Based  on  a  more  detailed  analysis  of  setback  variations 
in  Minneapolis  and  St.  Louis,  it  appears  that  a  5°F 
or  6°F  setback  can  save  nearly  as  much  energy  as  a 
10°F  setback,  with  a  reduced  peak  demand  and  faster 
pickup  recovery.  This  results  from  the  fact  that  less 
auxiliary  heat  is  required  during  the  pickup  period. 
Recent  work  by  another  investigator  indicates  that 
there  are  some  conditions  under  which  setback  savings 
are  actually  reduced  if  the  setback  magnitude  exceeds 
an  optimum  amount. 

This  study  has  considered  night  setback  in  a 
specific  typical  residence.  Future  studies  will 
investigate  how  night  setback  savings  are  affected 
by  variations  in  the  thermal  heat  storage  capacity 
of  the  house,  by  the  amount  of  insulation,  and  by 
infiltration  characteristics.  Clearly  the  ^relative 
heating  capacities  of  the  heat  pump  and  the  auxiliary 
heating  elements  will  affect  night  setback  savings, 
and  further  investigation  will  also  consider  systems 
sized  with  a  range  of  balance  points. 

In  the  future,  demand  or  ”time-of  day"  electrical 
metering  is  likely  to , become  more  widespread.  Guide¬ 
lines  must  be  developed  to  give  the  consumer  an 
indication  of  the  contribution  of  night  setback  in 
reducing  the  cost  of  heat  pump  system  operation  under 
possible  future  rate  structures.  The  heat  pump 
controls  of  the  future  will  therefore  likely  be  of 
a  sophisticated  nature,  utilizing  weather,  time, 
structural  characteristics,  and  energy  cost  data  to 
minimize  the  cost  of  operation.  Also,  it  is  expected 
that  thermal  storage  technology  may  play  a  significant 
role  in  limiting  utility  peak  demand  periods. 

Conclusions  from  "Saving  Energy  by  Night  Setback  of  a 
Residential  Heat  Pump  System"  by  G.  R.  Schade  -  1978. 

MARKET  SURVEY 

Method 

The  market  survey  was  intended  to  identify  manufacturers 
of  appropriate  heat  pumps  and  controls  suited  for  setback 
purposes.  Performance  data  and  benefits  of  these  units  were 


12 


desired.  Safety,  legal,  and  code  requirements  relating  to 
residential  and  light  commercial  heat  pump  systems  were  also 
desired.  The  following  actions  were  taken  to  achieve  the 
objectives  of  the  market  survey: 

-  Letter  to  manufacturers 

-  Interviews  with  Manufacturers 

Survey  of  Manufacturers 

The  letter  sent  to  the  various  manufacturers  is  repro¬ 
duced  on  the  following  page.  The  source  of  manufacturers 
solicited  was  the  Thomas  Register  and  all  firms  listed  under 
heat  pumps,  heat  pump  controls,  and  heat  control  thermostats 
were  solicited.  The  American  Refrigeration  Institute  Direc¬ 
tory  was  also  used.  Approximately  95  inquiries  were  mailed  and 
the  responses  numbered  11.  The  firms  contacted  are  listed 
after  the  reproduced  letter.  The  replies  were  catalogued 
according  to  their  applicability. 
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i  Johns-Manville 
Sales  Corporation 

Research  &  Development  Ceniei 

Ken  Caryl  Ranch 
Denver.  Colorado  80217 

cirri)  9/<nooo 
July  28,  1980 


Dear  Sir: 

Johns-i’lanv i  1  le  Research  and  Development  Center  has  been 
engaged  to  study  the  potential  energy  conservation 
achievable  by  night  set-back  of  air-to-air,  unitary  heat 
pumps.  Otr  client  seeks  information  about  the  benefits  or 
penalties  of  night  set-back  in  accordance  with  DoE 
requirements  mandated  in  the  July  1979  Federal  Register. 
Residential  heat  pumps  of  both  prior  and  current  design 
are  to  be  considered.  Some  specific  questions  which  cone 
to  mind  include  the  following. 

-  What  is  the  effectiveness  of  temperature  set-back 
in  the  seven  DoE  climatic  regions? 

Ex.  Night  set-back  in  residences  and  night  and 

weekend  set-back  in  small  commercial  buildings. 

-  Is  there  a  minimum  elapsed  time  of  set-back  required 

to  achieve  energy  savings' as  a  function  of  ambient  air  ■ 
temperature?  What  about  minimum  or  maximum  degrees  of 
temperature  set-back? 

-  What  added  control  devices  and  system  modifications 

are  needed  to  achieve  a  set-back  and  restart  schedule  to 
minimize  energy  use?  What  is  the  availability  and  cost 
of  these  devices? 

Your  firm's  position  suggests  that  you  are  well  qualified 
to  contribute  to  our  survey.  Your  experience  should  be 
helpful  in  resolving  some  of  the  apparent  contradictions 
in  the  technical  literature.  Your  corttr  ibution  to  our 
survey  should  prove  to  be  beneficial  in  achieving 
significant  energy  conservation;  or,  possibly,  avoiding 
significant  increases  in  energy  consumption. 
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July  28,  1980 
Pag  e  2 

It  is  likely  that  our  client  will  release  our  final  report 
as  public  information  and  all  those  who  contribute  to  the 
study  will  be  properly  acknowledged.  May  I  hear  from  you 
soon? 


P.  B.  Shepherd 

Sr.  Research  Associate 


AC  Manufacturing  Co. 

Old  Cuthbert  and  Deer  Hoads 

Cherry  Hill,  NJ  08000 

AC  Manufacturing  Co. 

Old  Cutiibert  and  Deer  Hoads 
Cherry  Hill,  NJ  08000 

Addison  Products  Co. 

Addison,  MI  49220 

Advance  Design  Associates,  Inc. 

Temp  Master  Systems 
Orlando,  EL  32800 

Amana  Refrigeration,  Inc. 

Amana,  low a  52203 

/tierican  Air  Filter  Co.  Inc. 

200  Central  Avenue 
Louisville,  Ktf  47744 

Armor  Electric  Inc. 

Erie,  PA  16500 

Pard  Manufacturing  Co. 

Box  607 

Bryan,  OH  43506 

Barkow  Manuf actur ing  Co.  Inc. 

2230  S.  43rd 
Milwaukee,  WI  53200 

Bryant  Air  Cond i t ion i ng/BDP  Company 

7310-T  W.  Morris 

Ind ianapol i s,  IN  46200 

Budco 

Bloomfield,  CT  06002 

Carrier  A/C  Group 
Carrier  Corp. 

Carrier  Pkwy. 

Syracuse*  Ny  13200 

Century  By  Heat  Controller,  Inc. 

1900  Wellworth  at  Losey 
Jackson,  MI  49200 

Day  and  Mi ght/Br yan t/Payne  Brands/BDP  Co 
7310-T  W.  Morris 
I nd i anapo 1 i s ,  IN  462,00 
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I- 1: f » i : i".  I  uVh  I  liC  . 

1 7  45  South  St. 

’vest  hoi  tfotd,  Cf  06  ILL 

Dunhum-Bush  Inc. 

Residential  and  Light  Conner  c  i  a  1  Products 
Harrisburg,  VA  22801 

Elm  Brook  ko f r ig or  a t ion ,  Inc. 

21000  Enterprise  Avenue 
Brookfield,  W1  b300‘> 

Pasco  Industries,  Inc. 

Consumer  Products  Division 
810  Gillespie  St. 

Fayetteville,  NC  28302 

tedders  Corp. 

Edison,  NJ  08117 

Florida  Heat  Punp  Corp. 

610  S.W.  R  Avenue 
Pompano  Beach,  FL  33000 

Fraser  and  Johnston  Co. 

San  Lorenzo,  CA  94b80 

Friedrich  Air  Conditioning  and  Refrigeration  Co 
N.  Pan  Am  Expressway 
San  Antonio,  TX  78200 

General  Electric  Co. 

Central  Air  Conditioning 
Appliance  Park 
Louisville,  KY  40200 

Gaffers  and  Sattler 
Los  Angeies,  CA 

Heat  Controller  Inc. 

8100  N.  Monticello  Avenue 
Jackson,  MI  39200 

ilea t-Exchanger s  Inc. 

8100  N.  Monticello  Avenue 
Skokie,  IL  60076 

lleil-Quaker  Corp. 

647  Thompson  Lane 
Nashville,  TN . 37200 

I  n  f  o  r  t  r  a  n ,  Inc. 

New  York,  NY 
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Inf  r  national  Heating  and  Air  Conditioning 
Division  of  Nc  1  i  Me  do  in  Co.  Ir.c. 

Bar  Dvr  and  Dark  Avenue 
Utica,  NV  13  500 

Johnson  Corp. 

861  W.  Third  Avenue 
Columbine,  OH  43200 

Koldware  Div.  of  heat  Exchangers  Inc. 

8100  N.  Monti cello  Avenue 
Skokie,  IL  60076 

Lennox  Industries  Inc. 

Marshaltown,  Iowa  50158 

Luxaire  Inc. 

West  of  Filbert 
Elyria,  OH  44000 

Mammoth  Div.  of  Lean  Siegler  Inc. 

1312C-B  County  Road  Six 
Minneapolis,  Minn.  55400 

Marvair  Co. 

R.O.  Box  400 
Cordele,  CA  31015 

McGraw  Edison  Co. 

Air  Comfort  Division 
706  North  Clark 
Albion,  Ml  4S224 

McMillan  Heat  Rumps  Inc. 

P.0.  Box  5897 
Jacksonville,  FL  32200 

Mueller  Climatrol  Corp. 

Piscataway,  NJ  08854 

Modern  Comfort  Inc. 

2250  Dwenger  Avenue 
Ft/  Wayne,  IN  46800 

Nor thrup  Inc. 

Hutchins,  TX  75141 

Ratco  Inc. 

Rcnnsauken,  NJ  08110 

Phelps-Dodge  Brass  Co. /Lee  Brothers 
Anniston,  Ala.,  3G2U0 
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Royal  Air  Conditioning  Co. 

10  3  5  E.  26th  St. 

Hialeah,  FL  33Q00 

licscarch  Engineering  Kfg.  Co. 

Phoenix,  AZ  85000 

Rheem  Manufectui ing  Co. 

Ail  Conditioning  Division 
Fort  Smith,  Ark.  72900 

Ruud  Air-Conditioning  Division 
City  Investing  Co. 

Fort  Smith,  Ark.  72900 

Singer  Co. 

The  Climate  Control  Division 
Cartaret,  NJ  07008 

Solar  Kinetic  Inc. 

Mechanicsburg,  OH  43033 

Sun  Dial  Solar  Heat  and  Air  Conditioning 
Square  D  Company 
Mesquite,  TX  75100 

Solus  i 

Houston,  TX  77000 

Southwest  Manufactur ing  Division  of  McNeil  Corp. 
10  North  Elliott 
Aurora,  MO  65605 

Sunsau 

Tewksburg,  MA  01876 
Supreme  Air 

Santa  Pe  Springs,  CA  90670 

Vanguard  Energy  Systems 
San  Diego,  CA  92100 

Vilter  Mfg.  Corp. 

2223  South  First  St. 

Milwaukee,  WI  53200 

Tappan  Air  Conditioning  Division 
Elyria,  OH  44000 

Thermo-Products  Inc.  , 

North  Judson,  IN  46366 
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We a t he r k L nq ,  Inc. 

I* .  0.  box  2  O-i  3  4 
Orlando,  FL.  32800 

The  Willi  amson  Co. 

C i nc i nna t t i ,  OH  45200 

Wormser  Scientific  Corp. 

Stanford,  CT  C6S00 

We sco  Air  Comfort  Division 
Wesco-Moore  Clear  Inc.  • 
beavertown,  OR  9700b 

W;est inghouse  Electric  Corp. 

Central  Residential  A/C  Division 
Normann,  OK  73000 

Whirlpool  heating  and  Cooling  Products 
Nashville,  TN  37200 

York  Division 
borge  Warner  Corp. 

South  Richland  Avenue 
York,  PA  17400 

Emerson  Quiet  Kool  Div. 

St.  George  and  Woodlime  Avenue 
Woodbridge,  NJ  07095 

Antar  Industries  Inc. 

350  5>th  Avenue 
New  York,  NY  10001 

T  r  a  n  e  Co  . 

3600  Thomas  Creek  Road 
La  Crosse,  WI  54601 

Payne  Air  Conditioning  Co. 

855  Ana he im-Puente  Rd. 

City  of  Industry,  CA  91744' 

Bohn  Aluminum  and  Brass  Division 
Gulf  &  Western  Manufacturing  Co. 

23100  T.  Providence  Drive 
Southfield,  MI  48037 

Airtcmp  Corporation 
Woodbridge  Avenue 
Addison,  Michigan  49220 

Armstrong  Furnace  Company 
A  Subsidiary  of  Magic  Chef,  Inc. 

851  West  Third  Avenue 
Ohio  43212 


Col umbus. 
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C 1  i  m  a t r  o 1  S  ales  Con pa n  y 
V.oodbr  idge  Avenue 
Edison,  New  Jersey  0  8817 

The  Colenar.  Company,  Inc.', 

280  North  Street 
It anc is  Street 
Wichita,  Kansas  67201 

Crane  Supply  Company 

3C0  Park  Avenue 

New  York,  New  York  10022 

Day  &  Night  Air  Conditioning 
85b  Anahe im-Puente  Road 
La  Puente,  California  91749 

Duo-Therm 

Division  of  Motor  Wheel  Corporation 
505  South  Poplar  Steet 
LaGrange,  Indiana  46751 

Frigiking  Tappan,  SJC  Corp; 

206  Woodford  Avenue  ' 

Elyria,  Ohio  44035 

Goettl  Air  Conditioning,  Inc. 

2005  East  Indian  School  Hoac 
Phoenix,  Arizona  85016 

The  Heil-Quaker  Corporation 
647  Thompson  Lane 
Nashville,  Tennessee  37204 

The  Henry  Furnace  Company 
Post  Office  Box  4022 
Elyria,  Ohio  44036 

Janitrol,  SJC  Corp. 

206  Woodford  Avenue 
Elyria,  Ohio  44036 

Johnson  Corporation 
A  Subsidiary  of  Magic  Chef,  Inc. 

851  West  Third  Avenue 
Columbus,  Ohio  4321? 

Lowe's  Company,  Inc; 

Box  1111 

North  Wi  1  kosboro ,  North  Carolina  28659 
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Hag  i  c  Chef,  Inc. 
t'jl  '-vest.  '1  h  i  r  d  Avenue 
Col  ui.'.bu:.,  Ohio  4  32  1  2 

McDonald  M  f  g  . ,  Co.,  A.Y. 

Post  Office  Box  508 
Dubuque,  Iowa  52  01)3 

Hon  tg  outcry  Ward  S.  Co .  ,  I  nr. 

P.  0.  Box  8335 
Chicago,  Illinois  60580 

Sears,  Roebuck  and  Co. 

Sears  Tower 

Chicago,  Illinois  60684 

Spartan  Electric  Company 
P.  0.  Box  150 

Faye tte\ : 1 le ,  North  Carolina  28302 

The  Square  D  Company 
P.  0.  Box  766 
Mesquite,  Texas  75149 

West ingho use  Electric  Cor:  . 

Staunton  Operation 

Heating  &  Cooling  Business  Unit 

P.  O.  Box  2510 

Staunton,  Virginia  24401 

The  Williamson  Co. 

3500  Madison  Road 
Cincinnati,  Ohio  45209 

John  Zink  Company 
P.  0.  Box  7388 
Tulsa,  Oklahoma  74105 

NOT  DELIVERABLE  AS  ADDRESSED: 

McMillan  Heat  Pumps,  Inc. 

P.  O.  Box  5897 
Jacksonville,  FL  32200 

Royal  Air  Conditioning  Co. 

1035  E.  26th  Street 
Hialeah,  FL  33000 

Supreme  Air 

Santa  Fe  Springs,  CA  90C/0 


Research  Engineering  Mfg. ,  Co. 

Phoenix,  AZ  85000 

Patco,  Inc. 

Pennsauken,  NJ  08110 

Mueller  Climatrol  Corpl 
Discataway,  NJ  08854 

Sunsau 

Tewksburg ,  MA  01876 

Vanguard  Energy  Systems 
San  Diego,  CA  92100 

Advance  Design  Associates,  Inc. 

Temp.  Master  Systems 
Orlando,  FL  32800 

RESPONDENTS  WITH  PREVIOUSLY  ESTABLISHED  COMPUTER  MODELS 
REGARDING  HEAT  PUMP  i LTBACK : 

Carrier  Corp. 

Research  Division 
Carrier  Parkway 
Syracuse,  NY  13221 

Trane  Air  Conditioning 
Lacrosse,  WI  54601 

RESPONDENTS  SUPPLYING  VALUABLE  INFORMATION  ttASED  ON  PAFERS 
EXTERNAL  TO  THEIR  COMPANY: 

Borg  Warner  Corp. 

York  Division  -  Unitary  Products 
P.  O.  Box  1592 
York,  Penn.  17405 

Singer 

Climate  Control  Division 
Cartaret,  NJ  07008 

City, Investing  Co. 

Rheem  Air  Conditioning  Division 
5600  Old  Greenwood  Road 
Fort  Smith,  AK  72903 
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Electric.  Power  Research  Institute 
3412  Hillview  Avenue 
P.  0.  Box  10412 
Palo  Alto,  CA  94303 

RESPONDENTS  WITH  REFERRALS  TO  ANOTHER  SOURCE: 

Sears,  Roebuck  and  Co. 

925  S.  Homan  Avenue 
Chicago,  IL  60607 

Friedrich  Air  Conditioning  &  Refrigeration  Co. 
4200  N.  Pan  Am  Expressway 
P.  0.  Box  1540 
San  Antonio,  TX  78295 

Bard  Manufacturing  Co. 

P.  O.  Box  607 
Bryan  Ohio  435C6 

Thermo  Products,  Inc. 

P.  O.  Box  217 

North  Judson,  Ind.  46366 

Heat  Controller,'  Inc. 

Losey  at  Wellworth 
Jackson,  Michigan  49203 


COMPUTER  SI  Mill.  AT.?:;  STUDIES 

The  dynamic  computer  model  has  become  an  integral  part 
of  the  analysis  of  heating  systems.  The  calculations  of 
hourly  heating  loads  based  bn  building  size,  occupancy  and. 
infiltration  character ist ics  are  inherently  less  tedious.  And 
field  data  has  proven  that,  in  general,  dynamic  models  are 
more  accurate  than  the  conventional  bin  methods.-^®  This 
practice  of  using  dynamic  computer  simulation  models  becomes 
very  appropriate  for  heat  pump  systems.  In  addition  to  cal¬ 
culating  heating  load,  the  capacity  of  the  heat  pump  may  also 
be  determined.  This  is  important  because  of  the  dependency  of 
heat  pumps  on  changing  outdoor  temperatures. 

The  basics  of  the  models  can  be  understood  by  reviewing 
the  work  of  the  Carrier  Corp. ,  done  in  1978.  The  excerpt 
which  follows  does  not  include  specific  equations;  their  inclu¬ 
sion  is  not  as  important  as  the  basic  philosophy  of  the  model. 
The  paper  was  written  by  Dr.  Charles  Bullock  Of  Carrier  Corp. 
and  is  entitled  "Energy  Savings  Through  Thermostat  Setback 
with  Residential  Heat  Pumps".  It  appeared  in  the  ASHRAE 
Journal  in  September  1978  under  the  title  of  "Thermostat 
Setbacks  and  Residential  Heat  Pumps". 

Simulation  Model 

The  present  study  was  conducted  using  a  detailed 
digital  computer  simulation  program  which  predicts 
the  true  dynamic  or  cycle-by-cycle  performance  of 
an  actual  heat  pump  when  applied  to  a  particular 
combination  of  residential  structure,  controls  and 
weather  (temperature,  solar  radiation,  wind  speed). 
Details  of  the  simulation  model  have  been  published 
and  will  not  be  repeated  here.  In  operation,  the 
program  determines  the  instantaneous  space  heating 
load  at  a  given  point  in  time,  accounting  for  all 
modes  of  heat  transfer  through  the  structure  as  well 
as  for  thermal  storage  effects.  The  equipment 
instantaneous  heating  capacity  is  then  calculated 
and  compared  with  the  heating  load  —  a  discrepancy 
leads  t°  a  temporary  change  in  the  occupied  space 
temperature.  The  space*  temperature  is  sensed  by  the 
thermostat  which,  in  turn,  makes  appropriate  adjust¬ 
ments  to  the  equipment  perfoxraance.  Changes  in  the 
space  temperature  also  affect  the  instantaneous 
heating  load. 

The  simulation  model  thus  accounts  for. the 
interactive  and  feedback  effects  which  occur  in  a 
real-life  heat  pump  installation.  The  computation 
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procedure  is  repeated  for  each  time  step  in  the  period 
of  interest,  using  sufficiently  small  time  steps 
(30  seconds,  typically)  to  insure  accuracy  of  the 
results.  Although  the  system  model  can  be  used  simply 
to  determine  equipment  operating  hours  and  energy 
consumption  for  various  operating  conditions,,  it 
also  yields  information  about  the  transient  performance 
of  the  system,  including  the  number  of  compressor 
cycles,  strip  heat  cycles,  and  room  temperature  cycles. 
Variation  in  control  strategies,  such  as  thermostat, 
setback,  is  also  simple  to  investigate  with  a  cycle- 
by-cycle  simulation,  but  may  be  impossible  with  a 
simpler  procedure  such  as  a  "bin"  method. 

The  simulation  models  for  the  structure  controls 
and  equipment  utilized  in  this  study  have  been  verified 
and  refined  through  the  use  of  extensive  laboratory 
testing  as  well  as  field  data  from  fully-instrumented 
residential  heat  pump  systems  in  Boston,'  Syracuse, 
Minneapolis,  and  Seattle.  The  heat  pump  systems 
in  Syracuse  and  Seattle,  in  particular,  have  recently 
initiated  experimental  thermostat  night  setback  pro¬ 
grams.  These  installations  were  monitored  during  the 
current  heating  season  to  provide  actual  field  data 
which  will  be  used  to  qualify  the  results  presented 
in  the  present  paper. 

The  present  study  is  based  04  the  Minneapolis 
test  house  whose  key  features  are  shown  in  Table  I. 
Minneapolis  was  chosen  for  the  present  study  because 
of  the  large  number  of  hours  of  low  outdoor  tempera¬ 
tures  which  would  accentuate  any  effects  due  to,  low 
temperatures.  A  key  factor  in  the  results  is  the 
amount  of  auxiliary  strip  heat  used  with  the  heat 
pump.  The  strip  heat  capacity  shown  (17  kW,  in  two 
8.5  kW  stages)  is  that  needed  to  satisfy  the  design 
heating  load.  An  outdoor  thermostat,  set. at  — 3.9°C 
(25°F)  was  used  to  control  one  of  the  strip  heat 
stages. 

The  base  system  simulation  had  thermostat  setpoints 
as  follows: 

1st  stage  (heat  pump):  21.1°C  (70°F) 

2nd  stage  (strip  heat):  20.0°C  (68°F) 

The  base  simulation  also  initiated  automatic 
defrost  cycles  at  fixed  increments  of  compressor 
run  time  (90  minutes)  during  which  there  was  automatic 
tempering  of  the  circulating  air  by  one  or  both  strip 
heat  elements. 

The  preceding  model  was  one.  which  was  used  as  a. data 
base  in  our  study.  The  others  are  the  Honeywell  study  - 
written  by  George  Schade,  entitled  "Saving  Energy  by  Night 
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Setback  of  a  Residential  Heat  Pump  System",  and  the  ORNL 
study  -  written  by  R.  D.  Ellison,  entitled  "Savings  in  Energy 
Consumption  by  Residential  Heat  Pumps:  The  Effects  of  Lower 
Indoor  Temperatures  and  of  Night  Setback."  Three  studies 
were  used  for  several  reasons.  First,  three  dif ferent  opinions 
and  corresponding  results,  were  presented  by  the  three  authors 
It  was  not  the  scope  of  this  study  to  determine  the  most 
accurate  or  to  develop  our  own  simulation  model.  It  should 
be  noted,  though,  that  several  manufacturers  are  currently 
engaged  in  developing  new  data;  computer  models  and  further 
research  by  neutral  agencies  is  both  appropriate  and  needed. 
The  second  reason  for  using  three  studies  was  to  obtain  a  more 
diverse  data  base  on  which  to  calculate  life  cycle  economics. 
In  addition,  it  was  felt  that  these  studies  provided  the  most 
realistic  results  on  which  heat  pump  setback  could  be  repor¬ 
ted.  Refer  to  the  following  table  for  comparative  data 
regarding  the  three  studies. 


ECONOMIC  AND  ENERGY  CONSIDERATIONS  OF  NIGHT  SETBACK 


The  decision  to  implement  an  alternative  system,  of  any 
type,  has  invariably  been  based  on  cost.  The  economics  of 
the  alternative  are  examined  and  the  determination  made. 

Recently,  the  rapid  acceleration  of  energy  prices  has 
created  several  interesting  alternatives  to  conventional 
policies.  The  shortage  of  non-renewable  fossil  fuels  some¬ 
times  makes  the  decision  an  energy-based  one  rather  than  a 
cost-based  decision.  Local  availability  and  national  surplus 
are  two  considerations  important  to  this  philosophy.  '  Also, 
as  energy  prices  continue  to  accelerate,  conservation  alter¬ 
natives  become  increasingly ’ more  attractive. 

Depending  on  geographical  location  and  priorities,  the 
facilities  engineer  must  decide  whether  the  decision  to 
setback  will  be  based  on  cost  savings  or  energy  savings. 

This  report  does  not  attempt  to  establish  the  order  of 
priority  of  these  factors. 

Our  results  show  that  the  cost  savings  which  can  be 
expected  are  greater  in  certain  regions  of  thO  country  - 
primarily  colder  climate  regions.  Other  factors  which  effect 
savings  potential  are  electricity  cost  and  initial  cost. 

When  initial  cost  (of  alternative  system)  increases,  savings 
potential  decreases.  When  electricity  cost  increases,  savings 
potential  increases.  This  is  very  important.'  Appendix  B 
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shows  life  cycle  data. 

Refer  to  DOE  Region  1-  Boston.  The  electricity  cost 
is  $. 06/kWh.  For  a  1.5  ton  system  with  two  outside  thermo¬ 
stats,  the  alternative  setback  system  employs  10°F  of  setback. 

The  accompanying  energy  savings  and  cost  savings  are  11.7%' 
and  5.8%,  respectively.  Now  refer  to  DOE  Region  8  -  Denver. 

The  electricity  cost  is  $. 036/kWh.  The  energy  savings  and 
cost  savings  are  13.5%  and  5.1%,  respectively.  Note  that  in 
Boston,  where  the  electricity  is  more  expensive,  the  cost 
savings  potential  is  greater.  This  example  also  illustrates 
another  important  point.  The  heat  pumps  are  exact  in  size. 

The  setback  is  10°F  in  both  cases.  The  control  scheme  is 
exact  and  the  average  winter  temperatures  are  very  similar. 

Yet  the  energy  savings  are  predicted  at  13.5%  for  Denver  and 
only  11.7%  for  Boston.  The  base  annual  fuel  cost  is  $352 
for  Boston  and  only  $212  for  Denver.  What  caused  such  a 
large  difference  in  percent  energy  savings  and  cost  for  such 
similar  systems? 

1.  The  respective  electricity  rates.  If  the  consumption 
in  Boston  was  figured  with  a  Denver  electricity  rate, 
the  bill  would  be  $211.20. 

2.  The  energy  consumption  savings  difference  can  be 
explained  by  remembering  the  weather  data  was  read 
hourly.  Denver  commonly  has  a  very  cold  morning 
temperature  followed  by  a  series  of  warmer  temperatures 
throughout  the  day  and  evening.  This  causes  the 
average  winter  temperature  to  appear  low  and  is  a 

good  reason  for  calculating  consumption  on  an  hourly 
basis.  By  reviewing  the  remaining  analyses  in 
Appendix  B,  it  is  apparent  that  energy  savings 
percent  is  greater  when  the  climate  is  warmest. 

This  is  what  happened  in  the  example  of  Boston 
and  Denver. 

The  data  in  Appendix  A  reveals  several  conclusions 
regarding  economics  and  energy  considerations  of  night  setback 
of  heat  pumps: 

1.  Energy  savings,  in  percent,  are  greatest  in  warm 
■  climates. 

2.  Energy  savings,  in  consumption,  are  greatest  in 
cold  climates. 

3.  Cost  savings  are  increased  when  electricity  price 
is  increased. 

4. -  Cost  savings  may  be  negligible  even  if  energy  savings 

arc  achievable. 

The  facilities  engineer  should  refer  to  the  Recommendations 
section  of  this  report  for  guidance  on  practical  applications. 
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MARKET  CON’S  I  DERATIONS 


The  purpose  of  this  section  is  to  explore  the  market 
acceptance  of  heat  pumps  and  sophisticated  controls.  Con¬ 
clusions  will  be  drawn  regarding  the  acceptance  and  applica- 
bil  ty  of  these  items. 

Heat  Pump  Market  Acceptance 

The  history  of  the  acceptance  of  the  heat  pump  is  well 
documented.  The  Gord’an  report  -  "Evaluation  of  the  Air-to- 
Air  Heat  Pump  for ■ Residentia 1  Space  Conditioning"  -  as  well  as 
numerous  other  documents  report  market  acceptance  as  poor. 
Twenty  five  to  thirty  years  ago  the  market  was  very  poor  due 
to  poor  reliability.  However,  as  reliability  improved  and 
energy  prices  continued  to  rise  steadily,  the  sales  of  heat 
pumps  grew  immensely.  The  Gordian  report,  which  was  issued 
in  1976,  concluded  that  heat  pumps  offered  an  attractive 
alternative  to  oil  fired  systems  in  northern  climates. 

However,  they  would  not  be  popularly  accepted  until  gas  became 
excessively  expensive  or  unavailable.  Several  tables  taken 
from  the  Gordian  report  have  been  included  in  this  section. 
Table  2  is  a  reference  table  to  obtain  depreciation  per.ous 
of  various  heating  and  cooling  systems.  The  heat  pump  i  is 
the  shortest  depreciation  period.  Since  1976,  this  figure 
of  9  years  has  not  changed  significantly.  Our  survey  of 
dealers  indicated  an  average  depreciation  period  of  10  years. 
Table  3  shows  the  1975  rates  for  electricity,  natural  gas, 
and  fuel  oil.  The  annual  operating  and  energy  costs  are 
presented  in  Table  4  and  Table  '5.  In  1976,  it  was  more 
expensive  to  own  a  heat  pump  than  a  gas  furnace  in  every 
city  except  Seattle,  where  electricity  rates  were  very  low. 
This  is  still  true  today.  According  to  almost  100%  of  dealers 
surveyed,  a  gas  furnace  is  less  expensive  in  every  location 
except  where  gas  is  unavailable'  or  electricity  is  exceedingly 
inexpensive.  The  same  dealers  recommended  against  the  use  of 
heat  pumps,  even  their  own.  Table  6, from  the  Gordian  report, 
relates  the  heeded  increase  in  gas  price  to  make  the  heat 
pump  cost  competitive.  Implicit  in  this  estimate  is  that  the 
price  of  electricity  is  not  allowed  to  increase.  The  Federal 
Register,  Part  IV,  reports  the  prices  (1980)  of  fuels.  By 
comparing  the  prices  in  1980  to  those  in  1975  given  in  Table 
3,  and  then  comparing  the  increases  to  those  given  in  Table  6, 
several  interesting  conclusions  result: 

1.  The  percent  increase  of  gas  price  was  not  great 
enough  in  any  DOE  region  to  make  heat  pumps  cost 
competitive. 
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TABLE  2 


DEPRECIATION  PERIOD  OF 

HFATIMG  AND  COOLING 

SYSTEMS 

Component 

Capital  Recovery 
Factor 

(at  I ntere stj 

Depreciation 

Period 

(Years) 

Heat  Pump 

0.1668 

9a  . 

Central  Air  Conditioner 

0.15.60 

10h 

Gas  Furnace 

0.1203 

16b 

Oil  Furnace 

.  0.1560 

10b 

Oil  Tank 

0.1095 

?0b 

Electric  Warm  Air  Furnace 

0.1240 

1 5b 

Electric  Baseboard  Heaters 

0.0929 

4()b 

Room  Air  Conditioners 

0.1560 

10b 

Ductwork,  Chimney 

0.0929 

40c 

Sources: 

a.  Industry  spokesmen  give  the  life  as  8-10  years. 

b.  ASHRAE  Handbook  and  Product  Directory,  1973  Systems  111) 

c.  Internal  Revenue  Service 


31 


TABLE  3 


AUGUST  197S ,  EFFECTIVE 

AVERACt,  RATES  E0R 

HEATINC:  ELECTRICITY,  NATIIHAI.  GAS.  and  FUEL  OIL 

Average 

Energy  Cost,  Dollars 

Electricity 

Natural  Gas  ] 

Humber  2  Fuel  Oil 

City 

(Per  KWH) 

(Per  Therm) 

(Per  Gallon) 

Houston 

0.016 

0.140 

0.310d 

Birmingham 

0.022 

0.133 

0.370 

Atlanta 

0.019 

0.126 

0. 350 

Tulsa 

0.016 

0.123 

0.319 

Philadelphia 

0.02S* 

0.217 

0.389 

, 

0.043° 

Seattle 

0 . 009C 

0.247 

0.396 

Columbus 

0.026c 

0.146 

0.378 

Cleveland 

0.026 

0.128 

0.378 

Concord 

0.032  ■ 

0.203 

0.409 

U.  S.  Average 

0.038 

0.1S2f 

0.391f 

Sources:  See  Appendix  B. 

a  All  Electric  October  to  May 
b  All  electric  Except  October  to  May 
c,  All  Electric 
d  Kate  for  Tulsa,  Okl.i. 
e  Cordlan  Associates  (S) 

f  U  S.  Bureau  of  Labor  Statistics  (13).  rjot  an  average  of  prices 
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ANNUAL  OWNING  AND  OPERATING  COSTS  FOR  ALTERNATIVE 
~  RESIDENTIAL  SPACE  CONDITION  I V,  SYSTEMS 
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INCREASE  OR  DECREASE  IN  GAS  OR  OIL  PRICE 
TO  HAKE  HEAT  PUMFCOST-COMPETITIVE 
uIthTOss IL  FUEL  SYSTEMS 
(Local  Tariffs  -’’August  1975) 

Ci  t£ 

Houston 
Birmingham 
Atlanta 
Tulsa 

Philadelphia 
Seattle 
Columbus 
Clt, 'eland 
Concord 


d  A  decrease  means  that  the  heat  pump  is  the  better  investment  at 
current  prices. 


3r> 


TABLE  7 


INCREASE  OR  DECREASE  IN  EFFECTIVE  ANNUAL  ELECTRICITY 
PRICE  FOR  ELECTRIC  RESISTANCE  SYSTEMS  NEEDED  TO  MAKE 
_  Tljr  }iXAT  TW  ^’TirCRrmriWW'ITFr  TROT  ~ 
'(Local  Tari  T7T  ~  Au  gUItl  9 1 5  J 


Per  Cent  Increase  or  (Decrease)3  in  Unit  Price 
Electric  Furnace  Baseboard  Heat  and 


City 

and  Central  Air  Conditioning 

Room  Air  Conditioning 

Houston 

657 

463 

Birmingham 

■  36 

'  754 

Atlanta 

25 

475 

Tulsa 

6 

205 

Philadelphia 

(55). 

45 

Seattle 

33 

400 

Columtus 

(34) 

80 

Cleveland 

(63) 

41 

Concord 

(59) 

9 

a  A  decrease  means  the  heat  pump  is  the  better'  investment  at  current 
prices. 
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The  increase  of  electricity  price  in  Sent Lie  made 
the  use  of  heat  pumps  there  uneconomical  according 
to  the  figures  given  in  the  Gordian  report. 

3.  The  national  average  increase  in  gas  price,  related 
to  increase  in  electricity,  was  about  12 Os.  It 
would  have  needed  to  be  about  190% . to  make  heat  pumps 
cost  competitive. 

Market  Acceptance  of  Sophisticated  Controls 

The  general  market  acceptance  of  microcomputer  controls 
is  very  good.  The  recent  ASHRAE  convention  in  Chicago 
(January  1980)  was  dominated  by  control  manufacturers'  demon¬ 
strations.  Many  companies  presently  produce  and  actively 
advertise  microcomputer  controls.  This  is  not  necessarily 
the  case  for  heat  pump  controls.  Several  sophisticated 
controls  currently  manufactured  are  adaptable  to  heat  pumps. 
Yet  their  acceptance  is  not  popular,  possibly  because  many 
heat  pump  manufacturers  recommend  against  the  use  of  night 
setback.  During  the  course  of  numerous  conversations  with 
manufacturers  and  dealers  of  heat  pumps,  a  large  percentage 
indicated  that  the  use  of  sophisticated  controls  is  unneces¬ 
sary.  This  leads  to'  the  conclusion  that  market  acceptance' 
of  sophisticated  controls,  microcomputer  or  otherwise ,  for 
use  wi th  heat  pumps  is  currently  poor. 

We  feel  that  the  popular  acceptance  of  microcomputer 
controls  could  be  realized  by: 

1.  Obtaining  more  conclusive  data  on  the  benefits 
of  night  setback. 

2.  Relating  the  potential  energy  savings  to  the 
customer  according  to  the  geographical  location. 

3.  Reducing  the  installed  price  of  the  controls  to  a 
cost  effective  level. 

In  short,  controls  designed  specifically  for  night  set¬ 
back  of  heat  pumps  are  not  popular.  More  research  is  required 
to  determine  their  true  benefits.  JJntil  this  research  is 
complete,  the  facilities  engineer  will  find  it  difficult 
to  locate  a  control  system  to  meet  the  needs  of  the  facility. 

HEAT  RUMP  CONTROLS 

It  is  becoming  increasingly  evident  that  energy  conscr-  ■ 
vation  by  heat  pump  thermostat  setback  will  bo  accomplished 
primarily  by  the  use  of  newly  developed  .control  s .  The  comple:: 
i Lies  involved  with  the  reliable  operation  of  heat  pump 
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systems  can  no  longer  bo  handled  efficiently  with  conventional 
controls  when  setback  is  integrated  into  the  system.  This  does 
not  mean  that  the  controls  presently  on  a  heat  pump  must  be 
replaced.  Energy  conservation  is  possible  in  certain  regions 
with  the  prudent  selection  of  setback  scheme.  However, 
energy  conservation  will  be  increased  if  the  thermostat  is 
microcomputer  controlled. 

The  purpose  of  this  section  is  to  discuss  basic  control 
strategies,  sophisticated  control  strategies,  cost  justifi¬ 
cation  of  these  new  controls  and  manufacturers  currently 
engaged  in  developing  these  controls. 

Basic  Control  Strategies 

The  control  system  should  be  designed  to  provide  flexible 
and  effective  heat  pump  operation. 19  Capacity  modulation, 
heating  to  cooling  selection,  and  automatic  defrosting  should 
be  provided.  The  control  system  should  prevent  the  use  of 
electric  resistance  heat  until  1)  the  heat  pump  system  is 
unable  to  satisfy  the  heating  requirements  at  full  capacity; 

2)  the  outdoor  air  is  below  a  predetermined  outdoor  tempera-  . 
ture.  Several  methods  of  system  changeover  commonly  used  are: 

1.  A  conditioned  space  thermostat 

2.  An  outdoor  air  thermostat 

3.  Manual  changeover 

4.  A  sensing  device  which  responds  to  greater  load 
requirements 

Typically,  a  control  system  consists  of  a  two  stage  thermo 
stat.  One  stage  is  set  inside  for  the  desired  temperature. 

The  other  stage  is  set  outside.  Normally  the  setting  is 
around  the  heat  pump  balance  point  -  the  temperature  at  which 
the  compressor  can  no  longer  satisfy  the  heating  load  by  itself 
When  the  outdoor  temperature  drops  below  the  setting,,  supple¬ 
mental  electric  resistance  heating  is  the  result.  Additional 
problems  occur  with  heat  pump  systems.  The  mostroieva  stating 
problem  relating  to  controls  is  defrost.  Reports  indicate 
that  with  typical  demand-type  defrost  controls  about  8-10% 
of  the  annual  energy  consumption  is  due  to  defrost.  Loss  of 
refrigerant,  compressor  failure,  and  temperature  sensing 
are  other  problems  which  typically  need  control  but  rarely 
arc  included  in  conventional  control  schemes. 

Sophisticated  Control  Strategics 

Our  studies  indicate  that  Honeywell  and  several  other 
manufacturers  are  currently  developing  sophisticated  controls 
to  insure  effective  night  setback.  -The  mechanics  of  these 
controls  is  not  known.  However,  one  thing  is  certain:  Their 
initial  cost  must  be  low  enough  to  justify  the  purchase. 
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This  is,  no  doubt,  one. of  the  major  problems  confronting  the 
design  engineers. 

The  controls  of  the  future  will  be  microcomputers.  They 
will  be  able  to  perform  new  and  improved  control  functions 
by  solving  difficult  system  problems.  In  September  of  1980 
in  the  ASHRAE  Journal ,  Bonne  and  Mueller  of  Honeywell,  Inc. 
indicated  in  their  paper,  "Heat  Pump  Controls:  Microelectronic 
Technology",  that  the  11  major  control  priorities  are,  in 
order  of  priority: 

1.  Improved  Defrost 

2.  Loss  of  Refrigerant  Protection 

3.  Compressor  Fault  Detection/Indication 

4.  Field  Diagnostic  Package 

5.  Minimum  Off  Timer 

6.  Crankcase  Low  Temperature  Interlock 

7.  Automatic  Auxiliary  Heat 

8.  High  Discharge  Temperature  Protection 

9.  High  Discharge  Pressure  Protection 

10.  Inadequate  Indoor  Air  Flow  Protection 

11.  Automatic  Emergency  Heat 

The  paper  discusses  the  unique  abilities  of  the  micro¬ 
computer  to  accept  messages  from  sensors,  interpret  them,  and 
eliminate  the  problem  or  warn  the  customer.  The  major  benefit 
of  such  a  system  would  be  to  detect  problems  before  they  occur 
and,  therefore,  save  the  customer  money  on  maintenance.  In 
addition,  it  would  efficiently  control  defrost  and  other  pro¬ 
blems  which  increase  energy  consumption. 

This  control  system  is  one  which  employs  a  cathode  ray 
tube  (CRT)  to  aid  the  installer  or  customer  when  diagnosing 
the  problem.  For  residential  systems,  this  would  entail 
costs  far  too  excessive  to  be  justifiable  and  would  need  to 
be  eliminated.  The  addition  of  a  setback  scheme  would  also  be 
helpful  and  may  be  along  the  lines  of  what  Honeywell  is  cur¬ 
rently  developing. 

Another  system  which  relates  directly  to  the  problem  of 
setback  would  be  a  microcomputer  control  system  which:  . 

1.  Has  the  capability'  of  multiple  setback. 

2.  Senses  and  memorizes  all  pertinent  information 

such  as  outdoor  temperature,  electricity  cost,  strip 
'  heat  capacity,  etc. 

3.  Calculates,  at  regular  intervals,  estimated  energy  . 
savings  taking  morning  recovery  into  account  based  on 
instantaneous  computations. 

■  4..  Overrides  setback  or  changes  amount  of  setback  to 

insure  net  energy  savings. 
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Obviously,  a  large  amount  of  information  would  be  required 
in  such  a  system.  The  information  needed  would  differ  for 
every  location.  Most  importantly,  the  controls  would  require 
■these  amazing  capabilities  all  at  a  cost  effective  price. 

Cost  Justification 

Each  control  system  can  be  individually  evaluated  for 
energy  savings  and  corresponding  cost  savings.  Depending  on 
the  ability  of  the  system,  each  will  have  an  associated 
maximum  cost.  By  referring  to  the  computer  printouts  in 
Appendix  B  or  the  graphs  in  Appendix  C,  one  can  see  how  cost 
savings  differ  greatly  for  every  region.  The  energy  savings 
would  probably  be  greater  for  a  sophisticated  microcr  >uter 
control  system.  But  based  on  the  data  in  Appendix  B,  this 
study  has  formulated  the  following  equation  as  a  general  rule 
of  thumb: 

"For  every  dollar  saved  per  year  on  fuel  as  a  result  of 
setback,  $6.45  can  be  spent  on  a  control  system,  in 
order  to  break  even." 

Appendix  A  presents  an  explanation  of  ihe  equation  which 
predicts  %  energy  savings. 

EXAMPLE :  . 

.  Heat  Pump  Capacity  =  2.0  tons 
Price  of  Electricity  =  $. 048/kWh 
Average  Winter  Temperature  =  35°  F 
Annual  Fuel  Cost  =  $500 

Setback  (°F)Per  Night  =10°  (10:00  pm  to  6:00  am) 

Using  the  emperical  equation,  %  savings  will  be  10.85%. 
Therefore,  total  dollars  saved  will  be  .  1085  ( $500) =$54 . 25 . 

To  break  even:  54.25  (6.45)  =349. 91, or  approximately  $350.00 
could  be  spent  on  a  control  system,  completely  installed. 

Warranty  and  Safety  Codes 

Of  dealers  and  manufacturers  contacted,  100%  stated  there 
would  be  no  problems  associated  with  the  original  heat  pump 
warranty  or  safety  codes  if  additional  controls  were  installed 


Manufacturers 

In  regards  to  a  control  system  capable  of  insyring 
setback  savings,  no  manufacturer  has  actively  engaged  in  the 
advertisement  of  such  a  system.  A  tremendous  amount  of 
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advertising  literature  was  gathered  at  the  ASHRAE  convention 
in  Chicago  in  January  of  1981.  Of  all  the  microcomputer 
control  demonstrations ,  only  one  has  heat  pump  setback  features 
and'  override  functions.  The  Si-'.ARTSTAT  1000,  manufactured 
by  MSI  Control  Products,  claims  the  following: 

Savings  -  "Most  important,  with  its  three  separate 

setback  programs,  the  SMARTSTAT  1000  can  help 

you  cut  back  on  your  consumption  of  energy... 

...  by  up  to  30%',  or  even  more." 

Heat  Pumps  -  "In  a  class  by  itself,  the  SMARTSTAT  1000 
has  been  designed  to  operate  with  all  gas- 
fired,  oil-fired,  and  electrically  powered 
control  heating'  and  cooling  equipment... 

...  as  well  as  all  multi-stage  heat  pump 
systems  currently  available." 

Replies  by  salesmen  that  were  questioned  indicate  that  the 
total  installed  cost  is  around  $300.00.  Using  the  rule-of- 
thumb  referred  to  earlier  means  that  the  savings  would  need  to 
be  at  least  $46.50  per  year.  Carrier,  ORNL  and  Honeywell 
studies  as  well  as  our  study,  show  that  this  type  of  savings 
is  achieved  only  in  cold  climates  such  as  Minneapolis,  Boston, 
and  Chicago  (with  10°  setback) .  The  SMARTSTAT  literature 
estimates  a  10%  savings  for  these  cold  climates  using  10°F 
setback.  This  means  the  annual  energy  bill  would  need  to  be 
$465.00  or  less  to  break  even.  In  very  few  cases  is  the  energy 
bill  for  heating  this  low  in  these  climates. 

Clearly,  the  challenge  to,  the  control  industry  is  evident. 
Cost  effective  controls  are  needed.  However,  v  th  the  rapid 
increase  in  utility  rates,  sophisticated  controls  may  become 
increasingly  more  justifiable.  And  as  they  do,  their  increasing 
availability  may  push  the  price  even  lower,  making  them  even 
more  cost  effective. 


HEAT  PUMP  EQUIPMENT 

This  report  has  primarily  dealt  with  how  setback  is 
affected  by  controls.  The  success  of  a  setback  scheme  is 
not  always  attributable  to  the  type  of  controls.  Variations 
in  operating  characteristics  of  the  heat  pump  are  very  much 
a  factor  in  savings  potential. 

Heat  Pump  Characteristics  Which  Effect  Setback 

The  most, important  characteristic  of  the  heat  pump  is 
the  capacity.^0  There  are  many  documents  which  report  that 
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the  capacity  directly  and  indirectly  effects  energy  consump¬ 
tion.  The  capacity  directly  effects  energy  consumption  in 
the,  following  manner: 

Increased  capacity  -*■  larger  compressor  -+  increased  energy 

consumption 

The  capacity  indirectly  effects  energy  consumption  in 
the  following  manners: 

Increased  capacity  -*■  shorter  compressor  on-time  lower  COP  ■+ 
-♦increased  energy  consumption 

Increased  capacity  ••*•  less  strip  heat  demanded  -*•  decreased  energy 

consumption 

The  contradiction  is  that  increased  capacity  increases  energy 
used  directly  and  decreases  energy  used  indirectly.  The 
important  factor  in  correctly  sizing  the  heat  pump  is  building 
heat  load..  Building  heat  load  is  directly  affected  by  severity 
of  climate.  Groff,  Bullock  and  Reedy,  of  Carrier  report  that, 
in  general,  the  correct  size  for  a  heat  pump  is  3.5  to  4 
times  the  structure  heating  load  (for  cold  climates). 21 
For  warm  climates,  the  heat  pump  is  sized  for  cooling.  In 
this  manner,  the'  heat  pump  is  not  undersized  -  setback  poten¬ 
tial  savings  are  critically  decreased  when  the  heat  pump  is 
undersized.  To  understand  how  this  occurs,  refer  to  the 
following  example:  ' 

HEAT  PUMP  A  - 

Capacity  =  3.0  tons 
COP  =  2.8 

The  balance  point  of  this  heat  pump  will  be  assumed  to 
be,  30  r.  Above  30°F,  the  compressor  can  supply  all  the 
heating  needs  of  the  structure.  Below  30°F,  the  strip 
heat  must  supplement  the  compressor. 

HEAT  PUMP- B 

Capacity  =  2.0  tons 
COP  =2.8 

Because  of  the  smaller  capacity  of  heat  pump  B,  assume  the 
balance  point  is  34°F.  Remember  that  the  COP,  or  efficiency, 
of  the  electric  resistance  strip  heaters  .is  T.O.  The  structure 
heating  load  calls  for  using  the  strip  heat  of  system  A  15% 
of  the  time.  For  the  same  structure  heating  load,  assume 
system  B  must  use  strip  heat  25%  of  the  time.  The  "system  COP" 
of  system  A  will  be:  . 

.85  (2.8)  +  .15  (1.0)  =  2.53 


While  the  "system  COP"  of  system  B  will  be: 

.75  (2.8)  +  .25  (1.0)  -  2. 35  ■ 

System  A  will  consume  less  energy  if  compressor  on-time  is 
not  severly  hampered.  Of  course,  the  drawback,  economically 
speaking,  is  that  larger  heat  pumps  cost  more  initially. 

If  the  facilities  engineer  is  considering  setting  back  the 
thermostat  of  a  heat  pump,  the  effects  of  increased  capacity  , 
are  even  more  important.  The  morning  recovery  period  is 
usually  the  coldest  part  of  the  day.  In  addition,  the  need 
for  quick  recovery  for  comfort  reasons  calls  for  increased 
use  of  strip  heat.  Larger  capacities  decrease  the  need  for 
strip  heat  -  increasing  system  COP.  The  point  is,  and  it  is 
verified  by  the  energy  savings  equation  given  in  this  report: 

"If  heat  pump  capacity  is  considered  large  or  oversized, 
then  the  chances  for  saving  energy  by  employing  night 
setback  are  increased." 

It  should  be  realized,  though,  that  the  proper  sizing 
of  a  heat  pump  is  critical.  The  heat  pump  should  not  be 
oversized  only  because  it  makes  setback  more  successful. 
Defrost  is  also  related  to  heat  pump  capacity.  Carrier 
Research  Division  experts  report  that  defrost  consumption  can 
be  decreased  to  around  4  to  9  percent  of  total  consumption 
by  properly  sizing  the  heat  pump.  ^  Another  interesting 
point,  only  about  2/3  of  this  is  actually  a  penalty.  The 
rest  is.  accrued  as  a  useful  contribution  to  the  heating  of 
the  building.  Carrier  also  reports  that  a  properly  sized  and 
installed  heat  pump  could  be  expected  to  last  15  years.  .nis 
is  a  significant  increase  over  the  average  of.  10  years  and 
could  account  for  large  savings  in  an  extended  life  cycle 
analysis. 

Design  Changes  in  Heat  Pumps 

There  are  several  technologically  advanced  ideas  which 
would  make  setback  of  heat  pumps  more  successful. 

Dual  stage  compressors  are  currently  available,  to  the 
consumer  in  most  areas  of  the  country. ^3  The  initial  cost 
is  greater;  however,  their  benefits  may  outweigh  the  cost, 
especially  as  electricity  prices  continue  to  climb.  Reports 
indicate  that  about  90  percent  of  the  year  the  heat  pump 
capacity  is  excessive.  If  the  first  stage  is  half  the 

speed  of  the  total  compressor  speed  possible,  the  following 
advantages  would  be  obtained: 

1.  Compressor  efficiency  is  increased. 
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? .  Noise  level  is  reduced  56  percent. 

3:  Equipment  life  is  increased  by  reducing  mechanical 

wear. 

When  the  heating  requirements  or  the  structure  exceed  the 
capacity  of  the  first  stage,  the  second  °tage  would  be  used. 
Strip  heat  would  be  used  when  the  capacity  of  the  second 
stage  is  exceeded.  For  single  stage  units  currently  under¬ 
sized,  the  advantage  is  that  the  more  efficient  second  stage 
is  used  instead  of  strip  heat.  For  single  stage  units  cur rently 
oversized  or  correctly  sized,  the  advantage  is  that  the  first 
stage  is  used  instead  of  a  more  energy  consuming  one 
stage  compressor. 

Another  design  change  to  the  heat  pump  is  the  replacement 
of  electric  strip  heat  with  solar  supplemental  heat.  Similar 
to  this  is  the  system  of  supplementing  solar  heat  with  a 
heat  pump.  A  large  amount  of  research  in  this  area  has  been 
conducted,  primarily  by  Dr.  Ronald  H.  Howell  of  the  University 
of  Missouri  -  Rolla  and  Warren  F.  Bessler  of  General  Electric 
Co.  Their  conclusions  on  the  subject  are  similar: 

1.  Solar  systems  with  supplemental  heat  pumps  are  most 
economical  among  solar  -  heat  pump  systems. 

2.  Solar  -  heat  pump  systems  are  not  cost  competitive 
with  heat  pump  systems,  (i.e.  solar  assistance  is 
not  as  economical  as  electric  resistance  assistance) . 

Warranty  Considerations  of  Setback  Systems 

Neither  the  warranty  or  the  Underwriters  Laboratory 
safety  code  are  in  jeopardy  if  setback  of  heat  pumps  is 
initiated  in  a  prudent  style.  Only  the  unauthorized  service 
or  tampering  of  the  system  could  violate  the  warranty. 

In  summary,  heat  pump  equipment  studies  lead  to  the 
following  conclusions: 

1.  Setback  of  heat  pumps  at  night  is  more  economical 
with  oversized  systems. 

2.  Heat  pumps  should  be  properly  sized  fo  obtain 
maximum  economy. 

3.  The  benefits  obtained  from  properly  sizing  a  heat 
pump  probably  outweigh  the  benefits  of  setting  back 
an  oversized  heat  pump. 

4.  Heat  pumps  with  capacity  modulation  (two  stage  comp¬ 
ressors,  etc.)  are  more  efficient  than  conventional 
heat  pumps.  Capacity  modulation  is  advantageous  for 
heat  pump  systems  with  night  setback. 


RESORTS 


This  section  reviews  and  interprets  the  data  found 
in  Appendices  B  and  C.  The  results  -will  be  used  to 
formulate  final  conclusions  and  recommendations.  The 
Facilities  Engineers  can  use  the  recommendations  to 
determine  their  specific  setback  policies. 

DOE  Rea ion  1 

DOE  Region  1  is  a  cold  climate  region  with  expensive 
fuel.  Natural  gas  is  more  expensive  than  in  any  other 
DOE  region;  electricity  is  second  most  expensive  in  DOE 
Region  1.  This  combination  of  cold  climate  and  expensive 
electricity  makes  night  setback  attractive  in  this  area 
of  the  country.  Appendix  B  shows  life  cycle  economics 
for  the  various  DOE  regions.  Boston  was  the  city  from  DOE 
Region  1  which  was  evaluated.  The  average  winter  temperature 
of  4 0 . 0°F  is  fairly  mild  for  this  region.  Our  studies,  . 
based  on  previous  computersimulations  show  that  savings  of 
4.4  percent  in  cost  can  be  realized  over  a  10  year  period. 
Note  that  investment  cost  and  maintenance  cost  are  equal 
for  the  cases  shown.  •  Our  assumption  was  that  maintenance 
costs  of  a  setback  system  would  not  increase  because 
compressor  on-time  would  increase.  This  was  verified  by 
dealers  and  manufacturers  of  heat  pumps.  Investment  cost 
did  not  increase  because  manual  setback  was  assumed.  The 
226  dollars  which  would  be  saved  over  a  ten  year  period  is 
probably  a  conservative  estimate  for  DOE  Region  1.  Colder 
temperatures  and  a  larger  heat  pump  would  only  tend  to 
increase,  total  dollar  savings.  Appendix  C  is  a  collection 
of  graphs  based  on  the  data  in  Appendix  R.  An  important 
point  to  realize  is  that  the  relationship  between  %  savings 
and  amount  of  setback  is  not  perfectly  linear.  However, 
for  the  interval  under  study,  the  relationship  shown  is 
adequate  for  serving  as  a  general0quidcline.  By  multi¬ 
plying  the'Hmount  of  setback,  in  F,  by  the  length  of  set¬ 
back  in  hours,  the  Facilities  Engineer  may  obtain  the 
achievable  %  savings  in  energy  or  cost.  Caution  should 
be  taken  when  the  degree  hours  exceeds  80.  The  "curve" 
will  tend  to  flatten  out  after  80,  giving,  less  and  less 
savings  for  increasing  setback.  The  oraph  associated  with 
two  outside  thermostats  shows  an  interesting  fact.  Savings 
will  bo  increased  if  outside  thermostats  are  used  to  control 
the  heat  pump  auxiliary  heat.  i'his  fact  was  apparent 
throughout  the  study  in  all  DOE  rcoious,  regardless  of 
temperature  or  price  of  electricity. 
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DOE  Region  3 


The  average  prices  of  natural  gas  and  electricity  in 
DOI-:  Region  3  are  higher  than  the  national  average.  The 
average  temperatures  are  not  excessively  low-in  the 
neighborhood  of  40-45°F.  The  expectation  is  that  setback  - 
would  be  advantageous  in  DOE  Region  3.  By  examining  the 
life  cycle  economics  in  Appendices  B  and  C,  the  percent 
savings  are  indeed  seen  to  be  relatively  good.  An  average  . 
of  around  50  dollars  per  year  could  be  expected  to  be 
saved  for  a  rather  large  sized  heat  pump  (3.5  tons). 

The  associated  life  cycle  analysis  shows  a  239  dollar 
savings  over  a  10  year  period  for  a  system  with  no  outside 
thermostats  and  a  336  dollar  savings  for  a  system  with  two 
outside  thermostats.  It  is  clearly  an  advantage  to  use 
outside  thermostats  to  control  the  use  of  auxiliary  heaters. 

DOE  Region  4 

Atlanta  was  used  as  the  example  city  for  DOE  Region  4. 
The  average  electricity  price  in  DOE  Region  4  is  below 
the  national  average. and  the  average  winter  temperature 
is  51.7°E.  The  result  is  small  percent  cost  savings 
and  fairly  large  percent  energy  savings.  The  total  energy 
saved  is  not  that  great.  Note  that  only  11-22  dollars 
can  bo  expected  to  be  saved  annually.  The  graphs  of 
Atlanta's  potential  savings  in  Appendix  C  are  similar. 

For  warmer  climates  it  is  apparent  that  varying  capacity 
and  setback  scheme  are  not  extremely  critical  to  savings 
potential.  •  Yet  thermostat  arrangement  and  heat  pump 
capacity  changed  drastically;  savings  did  not  change. 

DOE  Region  5 

Minneapolis,  which  is  located  in  DOE  Region  5,  had 
the  coldest  winter  temperature  of  any  region  in  the  study. 
The  price  of  electricity  is  only  very  slightly  above  the 
national  average.  Our  results  show  that,  although  percent 
energy  savings  are  not  great,  cost,  savings  and  total  energy 
consumption  savings  will  be  very  good.  Minneapolis  is  well 
suited  for  night  setback.  Total  savings  in  our  study  are 
shown  to  be  from  around  100  dollars  to  as  much  as  500  dollar 
over  a  10  year  period.  In  cold,  climates,  however,  care 
must  be  taken  to  insure  the  comfort  of  the  occupants 
during  morning  hours.  The  problem  which  exists  in  cold 
climates  is  not  evident  in  a  computer  simulation.  During 
the  morning  recovery  period  when  demand  is  high,  the  temper¬ 
ature  may  typically  be  -10°F.  The  ability  of  the  heat 
pump  to  operate  at  a  high  COP  is  sevorly  hampered.  More 
importantly ,  if  supplemental  heat  is  held, to  a  minimum, 
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the  morning  recovery  will  be  long,  causing  the  occupants 
to  feel  uncomfortable.  The  indication  from  the  graphical 
presentation  of  Minneapolis  is  that  a  smaller  amount  of 
setback  would  be  most  logical.  Seven  or  eight  degrees 
seem  to  be  the  point  where  the  cost  savings  graph  tends 
to  level  off.  An  added  benefit  of  smaller  setback  is 
shorter  recovery  periods,  thereby  optimizing  the  amount 
of  savings  with  the  level  of  comfort. 

DOE  Region  6 

DOE  Region  6  consists  ,of  a  number  of  states  with 
comparatively  warm  climateg.  Houston  has  an  average 
winter  temperature  of  62.0  F  and  an  electricity  rate  of 
around  $. 044/kWh.  Both  of  these  parameters  are  disadvan¬ 
tageous  to  successful  night  setback.  Notice  that  percent 
energy  savings  are  high .  This  is  deceptive.  Cost  savings 
percent  are  only  1.5  and  1.8.  Annual  heating  fuel  cost 
is  only  reduced  by  6  dollars  for  systems  with  no  outside 
thermostats  and  7  dollars  for  systems  with  two  outside 
thermosto.ts .  The  life  cycle  cost  figures  show  that  only 
around  50  dollars  can  be  saved  over  a  10  year  period  by 
setting  back  thermostats  ten  degrees  every  night  during 
the  heating  season.  For  this  reason,  heat  pump  night 
setback  should  not  be  recommended  for  DOE  Region  6  or  any 
other  warm  climate  region. 

DOE  Region  7 

St.  Louis,  with  an  average  winter  temperature  of 
44 . 8°F  and  an  electricity  rate  of  S. 043/kWh,  was  chosen 
to  evaluate  DOE  Region  7.  Based  or.  ,our  data,  there  is 
good  savings  potential  with  night  setback  in  this  region. 
Even  though  the  electricity  rate  is  fairly  low  and  thd  heat 
pump  capacity  small,  the  cost  savings  were  still  4.2  percent 
for  the  outside  thermostat  systems.  Almost  two  hundred 
dollars  could  be  saved  over  a  ten  year  period  by  setting 
back  10°F.  Most  probably,  with  a  larger  heat  pump,  the 
savings  would  be  even  greater. 

DOE  Region  8 

Denver,,  from  DOE  Region  8,  is  similar  to  St.  Louis. 

The  a/cragc  winter  temperature  is  40.8°F  and  electricity 
costs  $. 036/kWh.  Realizing  this  is  comparatively  inexpen¬ 
sive  and  4 0 . 8°F  is  not  a  "cold  climate",  the  expected 
result  would  be  poor  cost  savings.  On  the  contrary,  our 
studies  indicate  a  possibility  to  save  ove,r  200  dollars 


over  to:,  yearn .  The  annual  savings  in  energy  of  13.5% 
in  very  good,  consider inu  the  heating  bill  is  around 
245  dollars  annually  with  a  1.5  ton  heat  pump.  This 
example  is  indicative  of  an  important  point.  Average 
outdoor  temperature  has  a  greater  effect  on  setback  cost 
savings  than  does  electricity  cost.  High  electricity 
rates  do  increase  potential  savings  by  night  setback. 

Hven  with  low  electricity  rates,  significant  savings  are 
possible  if  the  temperature  is  around  40°F  or  below. 

DOE  Region  9 

The  city  under  study  was  Los  Angeles.  The  wdirm  climate 
and  average  electricity  price  are  not  conducive  to  success¬ 
ful  night  setback.  Inspection  of  the  graphical  and  tabular 
data  reveal  a  very  low  potential  for  cost  savings.  Again, 
just  as  in  the  case  with  Houston,  the  energy  savings 
possibilities  are  around  20%.  Vet  only  60  dollars  is  saved 
during  a  10  year  period.  On  this  basis,  it  is  assumed 
night  setback  should  not  be  implemented  in  DOE  Region  9. 

DOE  Region  10 

DOE  Region  10. has  the  lowest  electricity  cost  of  any 
DOE  Region,  $. 022/kWh.  The  average,  winter  temnerature  in 
Seattle,  the  city  which  was  analyzed,  is  46.9°F.  The  effect 
which  these  have  on  potential  savings  are  drastic.  Cost 
savings  of  only  around  150  dollars  over  10  years,  or  2.6 
percent  are  possible.  These  results  are  with  an  oversized 
heat  pump  0.5  tom)  ,  which  is  normally  more  of  an  advantage 
to  night  setback.  , 

Other  Factors , Ef fecting  Life  Cycle  Cost 

Initial  purchase  and  installation  cost,  along  with 
annual  maintenance  costs,  are  the  other  factors  effecting 
life  cycle  economics.  The  capacity  of  the  heat  pump  has 
a  direct  effect  cn  these  costs.  For  instance,  in  pur 
study,  the  installed  price  of  a  3.5  ton  heat  pump  was 
$4,120.  The  installed  price  of  a  1,5  ton  heat  pump  was 
only  $1,830.  For  warm  climates  the  investment  cost  is 
the  major  portion  of  the. life  cycle  cost.  It  is  mandatory 
that  the' heat  pump  be  sized  correctly  to  avoid  excessive 
prices.  Maintenance  costs  are  also  decidedly  higher  for 
larger  capacity  heat  pumps.  The  operating  and  maintenance 
costs  of  a  3.5,- ton  unit  arc  around  $178  while  only  $117 
must  be  spent  on  a  1.5  ton  heat  pump  (base  year  costs). 
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In  co  1:1  regions  of  tin-  country  it'  is  apparent  that 
energy  coats  make  up  a  substantially  largo  portion  of  the 
life  cycle  cost.  The  properly  sized  heat  pump  is  probably 
most  economical.  Generally,  though,  oversized  units  are 
conducive  to  successful  setbacks .  There  fo’re,  a  study 
to  determine  the  optimum  sizing  based  on  setback,  defrost., 
and  other  important  factors  would  be  helpful. 

DOE  Region  Comparisons 

Night  setback  of  heat  pumps  has  the  best  chance  for  1 
success  in  the  following  regions: 

DOE  Region  1 

DOE  Region  3, 

Night  setback  would  probably  benefit  the  heat  pump 
owner  in  the  following  regions: 

DOE  Region  5 

DOE  Region  3 

DOE  Reg  ion  7 

Night  setback  is  not  recommended  for  the  following 
regions:’ 

DOE  Region  10 

DOE  Region  9 

.  DOE  Region  6  ’ 


CONCLUSIONS 

Heat  pump  night  setback  offers  a  potential  for  energy 
savings  in  the  range  of  5-107.  The  amount  is  dependent 
primarily  on  the  outdoor  temper  aturd ,  heat  pump  capacity 
and  amount  of  setback.  Because  of  the  variation  of  these 
factors  among  different  systems,  each  heat  pump  system 
should  be  evaluated  individually. 

More  simulation  studies  and  actual  fi-ld  data  arc 
needed  before  reliable  and  correct  assumptions  can  be 
much-  regarding  the  cost  effectiveness  of  n  ght  setback  with 
heat  pumps. 


Microcomputer  controls  are  not  widely  available  for 
heat  pump  systems.  They  must  become  available,  at  a  cost 
competitive  price,  before  setback  becomes  accepted  on  a 
oopular  basis. 

Total  cost  savings  are  greatest  in  regions  with  cold 
climates  and  high  electricity  rates. 

Cost  savings  may  be  negligible  even  if  energy  savings 
are  achievable  due  .  to  electricity  cost,  utility  rate  sche¬ 
dules,  and  initial  cost  of  add-on  controls. 

The  benefits  of  properly  sizing  a  heat  pump  probably 
outweigh  the  benefits  of  setting  back  an  oversized  heat 
pump. 

Heat  pumps  with  capacity  modulation  are  well  suited 
for  night  setback. 


RECOMMENDATIONS 

Until  more  conclusive  data  is  available  regarding  heat 
pump  night  setback,  the  following  recomntendations  should 
serve  as  general  guidelines: 

1.  Do  not  set  back  thermostats  if  the  average  winter 
temperature  is  greater  than  50°F. 

2.  Do  not  set  back  thermostats  if  the  heat  pump  is 
not  equipped  with  an  outdoor  thermostat  to  .control 
auxiliary  heat. 

3.  Set  back  thermostats  only  if  the  following  have 
been  completed: 

a.  Percent  savings  are  calculated  by  using  the 
equation  in  Appendix  A. 

b.  Total  cost  savings  are  determined . by  multi-, 
plying  percent  savings  by  total  annual 
energy  bill. 

c.  Determination  of  the  benefits  of  the  savings 
to  the  facility  is  made. 

d.  The  outdoor  thermostat  is  set  2°F  above  the 
balance  point  of  the  heat  pump. 
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4.  Do  not  purchase  a  sophisticated  control  system 
unless: 

a.  The  purchase  price  is  substantially  less  than 
6.45  multiplied  by  annual  cost  savings  and 
the  estimated  life  is  10  years  or  more. 

b.  A  new  system  becomes  available  that  guarantees 
percent  savings  greater  than  that  calculated 
in  (3a) 

AND 

The  purchase  price  is  substantially, less'  than 
6.45  multiplied  by  the  guaranteed  savings 
times  the  annual  energy  bill, 

AND 

the  estimated  life  is  io  years  or  more. 

5.  Refer  to  Appendices  B  and  C  to  obtain  estimates 
o  the  life  cycle  costs  of  the  heat  pump  system 
with  and  without  setback. 
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APPENDIX  A 


EXPLANATION  OF  ENEF IY  SAVINGS  PREDICTION  EQUATION 

%  SAVINGS  =  {.34  -  .015  (cap.)}  AWT  +  (SB  -  10) 

{.027  (SB)2  -  .415  (SB)  +  1.69} 

{.5  +  .039  (65  -  AWT) } 

Where  -  cap.  =  capacity  in  tons# 

SB  =  Setback  in  °F 

AWT  =  Average  Winter  Temperature  in  °F 

This  equation  is  an  empirical  equation  used  to  predict 
percent  savings  in  energy  consumption  due  to  night  setback. 
It  assumes  the  data  found  in  the  three  computer  studies 
mentioned  in  this  report  is  accurate  and  verifiable. 

Based  on  our  studies,  the  following  conclusions  about 
the  equation  can  be  made: 

1.  It  does  not  account  for  a  variation  in  COP, 
humidity,  or  type  of  control  scheme. 

2.  It  should  be  used  when  the  independent  variables 
have  the  following  ranges: 

1  ton  <  capacity  <  5  tons 
3  °F  <  setback  <  15  °F 
25°F  <  average  winter  temperature  <  65°F 

3.  The  average  error  associated  with  the  equation 
i  s  +  1 1  %  . 

4.  The  equation  can  and  should  be  used  as  an  initial 
guideline  for  deciding  whether  heat  pump  night 
setback  is  economical. 


APPENDIX  B 

LIFE  CYCLE  ECONOMICS  OF  SETBACK  ALTERNATIVES 
DEFINITION  OF  TERMS 

Note:  Economic  period  evaluated  =  10  years. 

1.  1980  Base  Fuel  Cost  -  cost  per  KWH  of  electricity 
taken  from  Federal  Register  -  Part  IV ,  April  30,  1979. 

2.  Average  Winter  Temperature  -  average  temperature  during 
heating  season  of  city  under  study  -  taken  from  ASHRAE 
1980  Systems  -  chapter  43. 

3.  Setback  Scheme  -  NOT  =  no  outside  thermostats 

TOT  =  two  outside  thermostats 
X/Y  =  X  daytime  temperature 
Y  setback  temperature 

"number  before  X/Y  refers  to  amount  of  strip  heat  in 
KW" 

4.  Degree  Hours  of  Setback/Night  =  AMOUNT  OF  SETBACK  (°F) 
multiplied  by  LENGTH  OF  SETBACK  (hours) 

5^ _ Investment  Cost  =  Initial  purchase  cost  +  installation 

capacity^  *9  +  1400  (capacity) 

3  )  J 

2 

The  first  term  in  this . equation  was  taken  from 
"Unitary  Air-to-Air  Heat  Pumps"  by  J.E.  Christian  of 
ORNL.  The  second  term  is  a  rule-of-thumb  used  by 
heat  pump  retailers. 


cost  = 


'  2900  ^ 


desired 
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Base  maintenance  cost  is  calculated  by  using  the  equation 


Operating  and  Maintenance  Costs  =  165  /capacity^* 


taken  from  "Unitary  Air-to-Air  Heat  Pumps"  by  J.  E. 
Christian. 

7.  Base  Annual  Fuel  Cost  =  1980  base  fuel  cost  multiplied 
by  annual  energy  consumption  as  reported  by  respective 
computer  simulation. 

8.  Life  Cycle  Cost  =  Investment  cost  +  base  maintenance 
cost  (6.6504)  +  base  fuel  cost  (DOE  factor) 

The  DOE  factor  is  taken  from  the  Federal  Register, 

Part  IV  and  accounts  for  escalating  fuel  prices.  The 
factor  of  6.6504  is  the  discount  factor  associated  with 
a  10  year  period  and  a  10%  discount  rate  plus  the  amount 
associated,  with  a  7%  increase  per  year  after  5  years. 

9.  Cost  Savings  =  100 ({Life  cycle  cost  of  standard  system 
(no  setback) }-{ life  cycle  cost  of  alternate  system 
(with  setback)}) /life  cycle  cost  of  standard  system. 

10.  Energy  Savings  -  taken  directly  from  computer  simu¬ 
lation  model. 
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APPENDIX  C 


GRAPHICAL  REPRESENTATION  OF  SETBACK  ECONOMICS 

***  SET  POINT  COST  ANALYSIS  *** 

t'OE  REGION  1 

POS  TON 

STANDARD 

ALTERNATIVE 

19.H0  BASE  FUEL  COST  (S/KWH) 

0.060 

0 .060 

AVERAGE  WINTER  TEMPERATURE  (F  ) 

40.0 

40.0 

HEAT  PUMP  CAPAPICTY  (TONS) 

1.5 

1.5 

SET-BACK  SCHEME 

NOT  70/70 

NOT  70/60 

DEGREE  HOURS  CF  S E T -B A CK / N I GH T 

0 

80 

INVESTMENT  COST  ($) 

1830. 

1830. 

BASE  MAINTENANCE  COST  (S/YEAR) 

117. 

117. 

BASE  ANNUAL  FUEL  COST  (S) 

1  390. 

355. 

LIFE  CYCLE  COST  ($) 

5127. 

4901 . 

COST  SAVINGS  (PERCENT) 

•  . 

ENERGY  SAVINGS  (PERCENT) 


9.0 


***** 


I'lftflnr 


—  >r <S  wL^staf; 


***  SFT  POINT  COST 
COE  REGION'  1 

1  98C  E>ASE  FUEL  COST  (S/KWH) 

AVERAGE  WINTER  TEMPERATURE  Cf > 

HEAT  PUMP  CAPAPICTY  (TONS) 

SET-BACK  SCHEME 

REGREE  HOURS  OF  S E T -B A C K / M I GH T 

INVESTMENT  COST  ($) 

BASE  MAINTENANCE  COST  (S/YEAR) 

BASE  ANNUAL  FUEL  COST  <$) 

LIFE  CYCLE  COST  ($) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


ANALYSIS  *** 
BOSTON 


STANDARD  ALTERNATIVE 


0.060 

0.C60 

40.0 

40.0 

1.5 

1.5  ; 

TOT  70/70 

TOT  70/60 

0 

sc 

18  30. 

1 83C. 

117. 

117. 

399. 

352. 

5185. 

4882. 

5.9 

11.7 

104 


*  *  * 


SET  P  C  I  f.  T  COST  ANALYSIS  ** 


cot'  REG  10*  3 

I960  BASE  FUEL  COST  (S/KWh) 
AVERAGE  WINTER  TEKTERATURE  (F) 

HEAT  PUf“E  CAPAPICTY  (TONS) 

SET-BACK  SCHEME 

DEGREE  HOUPS  (  F  S  E  T -BACK /NI  GH  T 

INVESTMENT  COST  (J) 

BASE  MAINTENANCE  COST  (S/YEAR) 
BASF  ANfil'  •-  FtEL  COST  (V) 
life  :ycle  COST  (S) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


PHILADELPHIA 

ST ANDAR C 

alternative 

•  0.05? 

0.05? 

44.5 

44.5 

3.5 

3.5 

18  fS/68 

18  68/60 

n 

64 

4 1  ?G  . 

41  ?0 . 

178. 

1  7£. 

400. 

363. 

7hE  6. 

7647. 

3.0 

9.? 

105 


**»  SET  Pi.  1ST  C<  ST 


'  '.alts is  •** 


[•0£  REGION  3  -  PHILADELPHIA 


me  BASE  FUEL  COST  (S/KWH) 
AVERAGE  WINTER  TEMPERATURE  (f) 
HEAT  PUWP  CAPAPICTY  (TONS) 

set-pack  scheee 

DEGREE  HOURS  Vf  S E T -p A ( K / M OH X 
I'VESTPEWT  COST  (S) 

BASF  WAINTENAE.CC  COST  (S/YEAR) 
BASE  ANNUAL  FUEL  COST  (J) 

LIFE  CYCLE  COST  (S) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


STANDARD 

ALTERNATIVE 

0.C5  2 

0.C52 

44. S 

44.5 

5.5 

3.5 

18  6E/6» 

18  68/55 

r 

1C4 

41  ?0 . 

4120. 

17». 

178. 

4  ro . 

348. 

78F6. 

7550. 

4.3 

, 

13.1 

»**  SET  POINT  COST  .'NALYSIS  *** 


DOE  RFC  ION  4 

19SO  BASF  FOE  L  COST  ($/K*fH> 

AVERACE  UINTEP  TEMPERATURE  (f  ) 

HEAT  PU!*P  CAPAPICTY  (TONS) 

SET-BACK  SCHEF.E 

DEGREE  HOURS  CF  SET-BACK/NIGHT 

IHESTMENT  COST  (S) 

BASE  MAINTENANCE  COST  (S/YEAR) 

BASE  ANNUAL  FUEL  COST  (S) 

LIFE  CYCLE  COST  (*) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


ATLANTA 

STAKDAR  d 

All ERNATIVE 

0.044 

0.044 

51.7 

51.7 

1.5 

1.5 

NOT  70/70 

NOT  70/60 

b 

80 

1830. 

1 S3C. 

117. 

117. 

99. 

88. 

3764. 

3191. 

2.2 

■ 

11.6 

^ET  fOI«T  COST 

-nalysis  *•* 

POE  REG  JO*  4  - 

ATLANTA 

■ 

STANDARD 

alternative 

19*0  BASE  fUEL  COST  <S/KWH) 

9.94  4 

0.C44 

avfrage  winter  temperature  m 

51.7 

51.7 

HEAT  PUMP  CAPAPICTT  (TONS) 

T.5 

1.5 

SET-BACK  SCHEME 

TOT  70/70 

TOT  70/60 

degree  hours  or  set-back/nigh r  , 

0 

80 

INVESTMENT  COST  (S) 

18  30. 

1830. 

base  maintenance  cost  (S/year) 

117. 

117. 

BASE  ANNUAL  T UE l  COST  (S) 

99. 

84. 

LITE  CYCLE  COST  (*) 

3?  64. 

3165. 

COST  SAVINGS  (PERCENT) 

3.0 

ENERGY  SAVINGS  (PERCENT) 

15.1 

***  5  FT  FOIST  COST 
DOE  AFGION  4 

1980  BAS f  FUEL  COST  (S/KWH) 

AVERAGE  WINTER  TEMPERATURE  (f  ) 

HEAT  PU^P  CAPAPICTY  (TONS) 

SETBACK  SCHEME 

DEGREE  FOURS  Of  SE T ~8 ACK / NIGH T 

INVESTMENT  COST  (S> 

BASE  MAINTENANCE  COST  (S/YEAR) 

BASE  ANNUAL  fUEL  COST  (!) 

LITE  CYCLE  COST  <S) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


ANALYSIS  •** 
ATLANTA 


STANDARD 

ALTERNATIVE 

0.044 

0.044 

51.7 

51.7 

3.5 

3.5 

IS  *8/6? 

18  68/60 

0 

64 

412C. 

4120. 

178. 

178. 

120. 

102. 

6099. 

5979. 

2.0 

14.? 
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»*«  SET  f-CIM  CjST  ANALYSIS  *** 
COE  REGION 


1580  BASE  FUEL  COST  (S/KWH) 

AVERAGE  WINTER  TEMPERATURE  (F) 

HEAT  PUPP  CAP  AP ICTY  (TONS) 

SET-BACK  SCHEME 

DFGREE  HOURS  OF  SE T -BACK /NI GH T 

INVESTMENT  COST  (*> 

BASE  MAINTENANCE  COST  (S/YfAR) 

BASE  ANNUAL  FUEL  COST  (S) 

LIFE  CYCLE  COST  (S) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


4  -  ATLANTA 

STANDARD  ALTERNATIVE 

0.044  0.044 

51.7  51.7 

3.5  3.5 

18  68/68  18  68/55 

0  104 

4120.  4120. 

178.  178. 

120.  98. 

6059.  5953. 

2.4 

18.2 


no 


***  SET  POINT  COST  ANALYSIS  *** 


COE  REGION  5  -  '*  INNEAP  C  LIS 


STANDARD 


lOHC  BASE  fUEL  COST  (S/KUP) 


AVERAGE  WINTER  TEMPERATURE  (F> 


HEAT  PUMP  CAPAPICT Y  (TONS) 


SET-BACK  SCHEME 


DEGREE  HOURS  OF  S  ET -BACK /NI  (>M  T 


INVESTMENT  COST  (S> 


BASE  MAINTENANCE  COST  (S/YEAR) 


BASE  ANNUAL  F 


UEL  COST  (S) 


LIFE  CYCLE  COST  (S) 


COST  SAVINGS 


EdERCY  SAVINGS  (PfRCFNT) 


(PERCENT) 


111 


0.049 

28.3 

2.0 

NOT  70/70 


2400. 

135. 

5  74. 

7064. 


ALTERNATIVE 

0.049 

28.3 

2.0 

NOT  70/60 

80 

2400. 

135. 

534. 

6802. 

3.7 

6.9 


■4 


***  SET  POINT  'OST 
DOE  REGION  5 

1980  BASE  FlfEL  COST  (S/KWH) 
AVERAGE  WINTER  TEMPERATURE  (F) 
HEAT  PUMP  CAPAPIC  TY  (TONS) 

SET-BACK  SCHEME 

DEGREE  HO'jR S  of  set-back/night 

INVESTMENT  COST  (*) 

BASE  MAINTENANCE  COST  (S/YEAR) 

BASE  ANNUAL  FUEL  COST  (S) 

LIFE  CYCLE  COST  (S) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


ANALYSIS  *** 

NINNE  APOLIS 

STANDARD  ALTERNATIVE 

0 .049 

28.3 

2.0 

TOT  70/70 

0 

2400. 

135. 

569. 

7  J32 . 


0.049 

28.3 

2.0 

TOT  70/60 

80 

2400. 

135. 

513. 

6664. 

5.2 

9.8 
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«**  SFT  POINT  COST  ANALYSIS  *** 


COE  REGION  5  -  MINNEAPOLIS 


STANDARD 


1 930  BASE  FUEL  COST  (S/KWh)  0.049 

AVERAGE  WINTER  TEMPERATURE  (F)  ??.3 

HEAT  PUMP  C  AP  A° IC  T  Y  (TONS)  3.0 

SET-BACK  SCHEME  17  BASE 

DEGREE  HOURS  OF  S E T -BACK /NIGH T  0 

INVESTMENT  COST  (*)  3550. 

BASE  MAINTENANCE  COST  (S/YEAR)  165. 

BASE  ANNUAL  FUEL  COST  (J>  840. 

LIFE  CYCLE  COST  (S)  10159. 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


ALTERNATIVE 

0.049 

28.3 

3.0 

10  KW  4 

32 

3550. 

165. 

820. 

10028. 

1.3 

2.4 
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***  S  t  T  POINT  COST  ANALYSIS  *** 


DOE  REGION  5  -  MINNEAPOLIS 


19PC  RASE  FUEL  COST  (S/KWH) 

AVERAGE  WINTER  TEMPERATURE  (F) 

HEAT  PUMP  CAPAPICTY  (TONS) 

SET-BaCK  SCHEME 

DEGREE  HOURS  OF  SET-BACK /UGH  T 
INVESTMENT  'COST  (S) 

BASE  MAINTENANCE  COST  (S/YEAR) 

BASE  ANNUAL  FUEL  COST  (S> 

LIFE  CYCLE  COST  (S) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


STANDARD 

ALTERNATIV 

0.049 

0.049 

2B.3 

28.3 

3.0 

3.0 

17  BASE 

1C  KW  10 

0 

80 

3550. 

3550. 

165. 

165. 

840. 

787. 

10159. 

9812. 

3.4 

6.3 
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**-  SET  POINT  COST  A  “  AL  YS I S  *** 


DOE  REGION  5  -  MINNEAPOLIS 


STANDARD  ALTERNATIVE 


1980  EASE  KIEL  COST  ($ /KWH) 

0.049 

0.049 

AVERAGE  WINTER  TEMPERATURE  (F) 

28.3 

28.3 

HEAT  PUMP  CAPAPICTY  (TONS) 

3.0 

3.0 

SET-BACK  SCHEME 

1  7  BASE 

17  KW  4 

DEGREE  HOURS  OF  SET-BACK/NIGHT 

0 

32 

INVESTMENT  COST  (S) 

3550. 

355C. 

BASE  MAINTENANCE  COST  (S/YEAR) 

165. 

165. 

BASE  ANNUAL  FUEL  COST  (S) 

840. 

810. 

LIFE  CYCLE  COST  (S) 

10159. 

9963. 

COST  SAVINGS  (PERCENT)  1.9 

ENERGY  SAVINGS  (PERCENT) 


3.6 


***  SET  POINT  COST  ANALYSIS  *** 
DOE  REGION  5  -  MINNEAPOLIS 


19»0  BASE  FUEL  COST  (S/KWH) 

AVERAGE  WINTER  TEMPERATURE  <F> 

HEAT  PUMP  CAPAPICTY  (TONS) 

SET-BACK  SCHEME 

DEGREE  HOURS  OF  SET-BACK/NIGF T 

INVESTMENT  COST  (S) 

BASE  MAINTENANCE  COST  ($/ YEAR  ) 

BASE  ANNUAL  FUEL  COST  (S) 

LIFE  CYCLE  COST  (S) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


STANDARD 

ALTERNATIVE 

0.049 

0.C49 

28.3 

28.3 

3.0 

3.0 

17  BASE 

17  KU  10 

0 

80 

3550. 

3550. 

165. 

165. 

840. 

791. 

10159. 

9838. 

3.2 

5.9 
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***  SET  POINT  COST  ANALYSIS  *** 


DOE  REGION  5 

I960  BASE  FUEL  COST  (S/KWH) 

AVERAGE  WINTER  TEMPERATURE  CF) 

HEAT  FU  HP  CAPAPJCTY  (TONS) 

SET-BACK  SCHEME 

DEGREE  HOURS  OF  SET-BACK/NIGHT 

INVESTMENT  COST  ($) 

BASE  MAINTENANCE  COST  (I/YEAR) 

BASE  ANNUAL  FUEL  COST  ($) 

LIFE  CYCLE  COST  (S) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


-  MINNEAPOLIS 


ST  4UDAR D 

ALTERNATIVE 

0.049 

0.049 

28,3 

28.3 

3.5 

3.5 

18  68/68 

18  68/60 

0 

64 

4120. 

4120. 

1  78. 

178. 

890. 

825. 

11144. 

10717. 

3.8 

7.2 

10.3 


**«  SET  POINT  COST  ANALYSIS  *** 


DOS  ft  EG  ION  6 

1c.cO  eASE  FUEL  COST  (S/KUH) 

AVERAGE  WINTER  TEMPERATURE  (F>. 

HEAT  PUMP  CAPAPICTT  (TONS) 

SET-BACK  SCHEME 

DEGREE  HOURS  OF  S E T -P A C K / M C-H T 

INVESTMENT  COST  (S  ) 

BASE  MAINTENANCE  COST  (I/TEAR) 

EASE  ANNUAL  fUEl  COST  <5> 

LIFE  CYCLE  COST  <i) 

COST  SAVINGS  (PERCENT) 

EFfRCY  SAVINGS  (PERCENT) 


HOUSTON 

STANDARD 

ALTERNATIVE 

0.044 

0.C44 

62.0 

62.0 

1.5 

1.5 

NOT  7C/70 

NOT  70/60 

0 

8C 

1330. 

1830. 

117. 

117. 

40. 

34. 

29  04. 

2860. 

. 

1.5 

16.7 
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***  SET  PCIKT  C  (.  S  T 

AVAL rs IS  *** 

? 

t>OE  region,  ft  - 

HOUSTON 

STANDARD 

ALTERNATIVE 

. 

19£0  PASE  fuel  COST  (S/kwh) 

0.044 

0.044 

■ 

AVERAGE  WINTER  TEMPERATURE  (F) 

62.0 

62.0 

HEAT  PUP P  CAPAPJCTY  (TONS) 

' 

1 . 5 

1.5 

SET-BACK  SCHC.vf 

TOT  70/70 

TOT  70/60 

i  . 

OFGREE  t’OuRS  CF  SET-BACK /NIGH  T 

‘ 

0 

«o 

INVESTMENT  COST  <S) 

1*30. 

1830. 

BASE  MAINTENANCE  COST  (S/YEAR) 

TT7. 

117. 

j 

BASE  ANNUAL  FUEL  COST  <$) 

40. 

33. 

I 

LIFE  CYCLE  COST  (S) 

29  04. 

2852. 

• 

’ 

COST  SAVINGS  (PERCENT) 

1.8 

■ 

ENERGY  SAVINGS  (PERCENT  ) 

18.3 

' 

120 

-■  ■ 

'  i 

.  4 
\ 

1 

j 

***  SfT  POINT  COST  i>.ALYSIS  *** 


DOE  REGION  7  -  ST  LOUIS 


STANDARD  ALTERNATIVE 


19£C  BASE  FUEL  COST  (S/KWH) 

AVERAGE  WINTER  TEMPERATURE  (f ) 

H  f  AT  PUPP  CAPAPICTY  (TOWS) 

SET-BACK  SCHEME 

DEGREE  HOURS  OF  SE  T -BAC  K  /  ».  IGH  T 

INVESTMENT  COST  (5) 

BASE  MAINTENANCE  COST  (S/TEAR) 

3 AS  E  ANNUAL  FUEL  COST  (S) 

LIFE  CYCLE  COST  (S) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


0.043 

44.  8 

1.5 

NOT  70/70 

0 

1830. 

117. 

209. 

3945. 


0.043 

44.8 

1.5 

NOT  70/60 

8C 

1830. 

117. 

190. 

3823. 

3.1 

8.9 


SET  ron.i  cost  analysis  *** 


POe  REGION  7 

1Q“0  BASE  fUEL  COST  (S/KVh) 
AVERAGE  WINTER  TEMPERATURE  (F  ) 
NEAT  PUMP  CAPAPICTY  (TONS) 
SET-BACK  SCHEME 

DEGREE  PO.jRS  OF  set-back/night 
investment  cost  <s> 

base  MAINTENANCE  COST  (S/YEAR) 
B/Sf  ANNUAL  ft' EL  COST  (S) 

LIFE  CYCLE  COST  (S) 

COST  SAVINGS  (PER CENT) 

ENERGY  SAVINGS  (PERCENT) 


ST  LOUIS 

stanoaro 

alternative 

0.04  3 

0.043 

44.8 

44.8 

t .  5 

1.5 

TOT  70/70 

TOT  70/60 

0 

80 

1830. 

1830. 

117. 

117. 

( 

20S  . 

183. 

3945. 

3778. 

, 

12.5 

1 

, 

' 

1  ' 

■ 

_ 

122 


***  SET  POINT  COST  ANALYSIS  *** 


DOE  REGION  8 

14*0  BASE  FUEL  COST  (S/KWH) 

AVERAGE  WINTER  TEMPERATURE  C  F  > 

HEAT  PUMP  CAP APICTY  (TONS) 

SET-BACK  SChEF.E 

DEGRFE  HOURS  OF  S El -B ACK /Nl GH T 

INVESTMENT  COST  (J) 

BASE  MAINTENANCE  COST  (I/YEAR) 

BASE  ANNUAL  FUEL  COST  (J) 

LIFE  CYCLE  COST  (S) 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


DENVER 

STANDARD 

ALTERNATIVE 

0.036 

0.036 

AO. 8 

40.8 

1  .5 

1.5 

NOT  70/70 

NOT  70/60 

0 

EO 

18  30. 

1830. 

117. 

117. 

244. 

215. 

4235 . 

4042. 

4.6 

' 

11  .7 
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***  SET  "OIN’T  COST  ANALYSIS  *** 
POE  REGION  R  -  DENVER 


STANDARD 

ALTERNATIVE 

19?C  BASE  FUEL  COST  (S/KUH) 

0.036 

0.036 

AVERAGE  WINTER  TEMPERATURE  (F) 

40.8 

40.8 

HEAT  PUMP  CAPAPICTV  (TONS) 

1.5 

1.5 

SET-BACK  SCHEME 

TOT  70/70 

TOT  70/60 

DEGREE  HOURS  OF  SET-BACK /NIGH  T 

0 

80 

INVESTMENT  COST  (S) 

1830. 

1830. 

BASE  MAINTENANCE  COST  (S/YEAR) 

1 17. 

117. 

BASE  ANNUAL  FUEL  COST  (S) 

245. 

212. 

LIFF  CYCLE  COST  (S) 

4242. 

402?. 

COST  SAVINGS  (PERCENT) 

5.2 

ENERGY  SAVINGS  (PERCENT) 

13.5 

124 


***  SET  POIVT  COST  ANALYSIS  *** 


DOE  REGION  F 


19F0  BASE  FUEL  COST  (S/KWH) 

AVERAGE  WINTER  TEMPERATURE  (F) 

HEAT  PUMP  CAPAPICTY  (TONS) 

SET-BACK  SCHEME 

DEGREE  HOURS  OF  SET-BACK/NIGHT 

INVESTMENT  COST  (S) 


BASE 

MAINTENANCE 

COST 

(S/YEAR) 

BASE 

ANNUAL  FUEL 

COST 

(S) 

LIFE 

CYCLE  COST 

(S) 

COST 

SAVINGS  (PERCENT) 

CHEYENNE 


STANDARD  ALTERNATIVE 


0.036 

0.036 

34.2 

34.2 

3.5 

3.5 

18  68/68 

18  68/60 

L 

64 

4120. 

4120. 

178. 

178. 

496. 

449. 

8611. 

8297. 

3.6 


ENERGY  SAVINGS  (PERCENT) 


9  ;  5 


***  SET  POINT  COST 
DOE  fcCSHK  8 

1'EO  BASE  EUEl  COST  (J/KWH) 

AVERAGE  WINTER  TEMPERATURE  <F) 

HEAT  TUMP  CAPaPICTV  (TONS) 

SET-BACK  SC  HE  HE 

DFGRFE  HOURS  CF  S E T-B A CK / M GH T 

INVESTMENT  COST  (S) 

BASE  MAINTENANCE  COST  (S/YEAR) 

BASE  ANNUAL  FUEL  COST  <S) 

LIFE  CYCLE  COST  (S) 

vOST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


ALYS1S  *** 

HE YENNE 

STANDARD 

ALTERNATIVE 

0.036 

0.036 

34.2 

34.2 

3.5 

3.5 

18  '8/6P 

18  6C/55 

0 

104 

4120. 

4120. 

178. 

178. 

496. 

428. 

8611  . 

8157. 

5.3 

13.6 
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***  SET  POINT  COST  ANALYSIS  *** 
DOE  REGION  <5  -  LOS  ANGELES 

STANDARD 


1V*0  BASE  FUEL  COST  (S/KWH)  0.049 

AVERAGE  WINTER  TEMPERATURE  (F  )  60.3 

HEAT  PUMP  CAPAPICTY  (TONS)  1.5 

SET-BACK  SCHEME  NOT  70/70 

DEGREE  HOURS  OF  SET-BACk/NIGHT  C 

INVESTMENT  COST  <S>  1S3C. 

BASE  MAINTENANCE  COST  (S/YEAR)  117. 

BASE  ANNUAL  FUEL  COST  (S)  44. 

LIFE  CYCLE  COST  <S)  2905. 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


ALTERNATIVE, 

0.049 

60.3 

1.5 

NOT  70/60 

80 

1830. 

117. 

38. 

2864. 

1.4 

14.6 
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***  SET  POINT  COST  tNALYSIS  ***, 
DOE  REGION  9  -  LOS  ANGELES 

STANDARD 


1  9f  0  EASE  FUEL  COST  (S/KWH)  0.049 

AVERAGE  WINTER  TEMPERATURE  (F )  60.3 

HEAT  PUMP  CAPAPICTY  (TONS)  1.5 

SET-BACK  SCHEME  TOT  70/70 

DEGREE  HOURS  OF  SET-F.ACK/NIGhT  0 

INVESTMENT  COST  (S)  1530. 

BASE  MAINTENANCE  COST  (S/YEAR)  117. 

BASE  ANNUAL  FUEL  COST  ($)  45. 

LIFE  CYCLE  COST  (S)  2911. 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


ALTERNATIVE 

0.049 

60.3 

1.5 

TOT  70/60 

80 

1830. 

117. 

36. 

2851. 

2.1 

20.0 


128 


***  SET  POINT  CCST  A  L  r  S I S  *** 

COE  REGION  10  -  SEATTLE 

S  T  A’iPAP  D 


1  98C  BASE  FUEL  COST  (S/KWH)  0.022 

AVER,  CE  WINTER  TEMPER  ATU  R  C  (F)  46.9 

HEAT  PUMP  CAPAPICTY  (TONS)  3.5 

SET-BACK  SCHEME  18  68/68 

DEGREE  HOURS  CF  SET-BACK /NIGH T  0 

INVESTMENT  COST  (S)  4120. 

BASE  MAINTENANCE  COST  (S/YEAR)  178. 

BASE  ANNUAL  FUEL  COST  (T)  151. 

LIFE  CYCLE  COST  («)  62?5. 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


ALTERNATIVE 

0.022 

46.9 

3.5 

18  68/60 

64 

4120. 

178. 

132. 

6162. 

2.0 

12.3 


12? 


***  SET  POINT  COST  ANALYSIS  *** 
DOE  REGION  10  -  SEATTLE 

STANDARD 


1980  BASE  FUEL  COST  (S/KWH)  0.022 

AVERAGE  WINTER  TEMPERATURE  (F)  46.9 

HEAT  PUMP  CAPAPICTY  (TON'S)  3.5 

SET-BACK  SCHEME  18  68/68 

OEGREE  HOURS  GF  S ET-B A CK / NI GH T  0 

INVESTMENT  COST  (S)  4120. 

BASE  MAINTENANCE  COST  (S/YEAR)  178. 

BASE  ANNUAL  FUEL  COST  <$)  151. 

LIFE  CYCLE  COST  (S)  6285. 

COST  SAVINGS  (PERCENT) 

ENERGY  SAVINGS  (PERCENT) 


ALTERNATIVE 

0.C22 

46.9 

3.5 

18  68/55 

104  . 

4120. 

1  78. 

126. 

6123. 

2.6 

16.5 
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SAVINGS 


13?  ' 


SAVINGS 


I  Savings  as  a  Function  of  Decree* Hours  per  Sxqht  of  Setback 
boston  -  IS  Ton  Systea  -  Two  Outdoor  Thermostats 


DUG  REE -HOURS  5>f*  MIGIfT 


133 


I  SAVINGS 


20 

18 

lfc 

14 

12 

10 

• 

t 

4 

2 


I  as  a  h  unctiw.  of  D«- j  r «  -..v»r;»  W-r  %.  ;?•  t  of  L« 

Atlanta  -  1  *i  Tor.  ilyutri*  -  *. "  Tr.^-i  r •  at  ^ 


SAVINGS 


t 


»  Savings  as. a  Function  of  Degree-Hours  Per  Night  of  Setback 
Atlanta  -  IS  Tor.  System 


iv 


»  SAVINGS 


%  Savings  as  a  Function  of  Decree-Hours  Per  Night  of  Setback 
Minneapolis  -  2.0  Ton  Systcr.  -  No  Outdoor  Thermostats 

20 

18 

16 


SAVINGS 


%  Savings  as  a  Function  of  PvJ  ret* -Hours  Per  Nijht  of  Setback. 
Minneapolis  -  3.0  Ton  Syst-.*n 

20 

18 

16 

14 

12 

10 

8 


10  20  30  40  50  60  70  10  90  100  110 

DEGREE^ HOG KS  PE*  NIGHT 
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SAVINGS 


%  Savings  as  a  Function  of  Uoqr ee -Hours  Per  Niijht  of  Setback 
Houston  -  l*i  Ton  System  -  No  ^-Jtdoor  Thermostats 


142 


SAVINGS 


V 


%  Savings  as  a  Function  of  Degree-Hours  Per  Night  of  Setback 


Houston  -  IS  Ton  System  -  Two  Outdoor  Thermostats 


DEGREE-HOURS  PER  NIGHT 


ui 


St. 


%  Savings  as  a  r  .;.ct;cn  of  Degree-Hours 
per  Niqr.t  of  Setback 

Louis  -  1H  Ton  c'.ster.  -  No  Outdoor  Thermostats 


Energy 


%  Savings  as  a  Function  of  Dt*g ree-Hours  Per  Night  of  Setback 
Denver  -  1H  Ton  System  -  No  Outdoor  Thermostats 


DEGREE-HOURS  PER  NIGHT 


SAVINGS 


SON  I AYS 


%  i  Savings  as  a  Kuivcti«-ii 

Seatt  le 


.--liourj*  I'et  N  *  jf.t  of  Setback 


LIFE  CYCLE  COST  (  K.  <SoU»t*> 


* 


V 


coi~  AS  A  1  UNCTION  OF  AVEKACF 
OUTDOOR  TEMI'tJ'ATLRf  AND  BASE  ELECTRICITY  COST 

Ton  -  is  KW  EU-ctncjl  Rcs.stnncf  -  68°f  Constant  Setpomt 


12 

11 


10 

9 

8 

1 


, .  ^  Philadelphia 

(Ave.  Outdoor  Tomp.)  44.5°F 
(Base  Elec.  Price,  $)  .052 


Atlanta 
51 . 7°r 

.  C44 


Mi nneapol  i % 
28.  TV 
.049 


OOL  *FCION 


Cheyenne 

i*.2°F 

.0)6 


10 

Seattle 
46.9°F 
.0  72 
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LITE  CYCLE  COST  (M.  dollars) 


LIFE  CYCLE  COST  AS  A  FUNCTION  OF  AVERAGE 
OUTDOOR  TEMPERATURE  AND  BASE  ELECTRICITY  COST 

IS  Ton  -  No  Outside  Th«*rr.Os?  ats  -  70°F  Setpoint  -  60°F  Setback 
( i 0 : 00  i ~  -  6:00  am) 


2 


1 


(Avg.  Outdoor  Temp) 
(Base  Clec.  Price, $) 

i 

Boiton 

4  0 . 0°F 
.060 

4 

Atlanta 
51 . 7  * 

.044 

5*  € 

Minneapolis  Houston 
28.3*T  6  2 . 0°F 

.049  .044 

7 

St.  Louis 
44 . 8  r 
.043 

8  9 

Denver  Los  Angeles 
40.8  F  60.3°P 

.036  .049 

#  2  Ton  System 

DOE  REGION 
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LIFE  CYCLE  COST  <M.  dollars) 


r.IFK  CYCLE  COST  AS  A  FUNCTION  uF  AVERAGE 
OUTDOOR  TEMPERATURE  AND  BASE  ELECTRICITY  COST 


IS  Ton  -  Two  Outside  Thermostats  -  70°F  Setpoint  -  60°F  Setback 
(10:00  pm  -  8:00  am) 


Boston 

(Avg.  Outdoor  Temp)  40.0  F 
(Base  Elec.  Price, $)  .060 


Atlanta  Minneapolis 
51.7^  28 . 3°F 

.044  .049 


Houston  St. Lou is 
62.0  F  44 , 8°F 
.044  .043 


Denver  Los  Anccles 
40.8°F  60.3°F 

.036  .049 


•  2  Ton  System 


DOE  REGION 


US  Military  Academy 
ATTN:  Dept  of  Mechanics 
West  Point,  NY  10996 

US  Military  Academy 
ATTN:  Library 
West  Point,  NY  10996 


Commander,  TRADOC 
Office  of  the  Engineer 
ATTN:  ATEN-FE-U 
Ft  Monroe,  VA  23651 

AF  Civil  Engr  Center/XRL 
Tyndall  AFB,  FL  32401 


HQDA  (DALO-TSE-F) 

WASH  DC  20314 

HQDA  (DAEN-ASI-L)  (2) 
WASH  DC  20314 

HQDA  (DAEN-MPU-B) 

WASH  DC  203  1  4 

HODA  (DAEN-MPR-A) 

WASH  DC  20314 

HQDA  (DAEN-MPO-U) 

WASH  DC  203  1  4 

HQDA  (DAEN-MPZ-A) 

WASH  DC  203  1  4 

HQDA  (DAEN-MPZ-E) 

WASH  DC  2031  4 

HQDA  (DAEN-MPZ-G) 

WASH  DC  203  1  4 

HQDA  (OAEN-RDM) 

WASH  DC  203  1  4 

HQDA  (DAEN-RDL) 

WASH  DC  2031  4 

Director',  USA-WES 
ATTN:  Library 
P.O.  Box  631 
Vicksburg,  MS  .39181 

Commander,  TRADOC 
Office  of  the  Engineer 
ATTN:  ATEN 
Ft.  Monroe,  VA  23651 


Naval  Facilities  Engr  Command 
ATTN:'  Code  04  ■ 

200  Stovall  St. 

Alexandria,  VA  22332 

Defense  Documentation  Center 
ATTN:  TCA  (12) 

Cameron  Station 
Alexandria,  VA  22314 

Commander  and  Director 
USA  Cold  Regions'  Research  Engineering 
Laboratory 
Hanover,  NH  03755 

FORSCCM 
ATTN:  AFEN 

Ft  McPherson,  GA  30330 

FORSCCM 

ATTN:  AFEN-FE 

Ft  McPherson,  GA  30330 

Officer-in-Charge 
Civil  Engineering  Laboratory 
Naval  Construction  Battalion  Center 
ATTN:  Library  (Code  L08A) 

Port  liieneme,  CA  93043 

Commander  and  Director 
USA  Construction  Engineering 
Research  Laboratory 
P.O.  Box  4005 
Champaign,  IL  61820  ' 

Commanding  General,  3d  USA 

ATTN:  Engineer 

Ft.  McPherson,  GA  30330 


DIST  1 


Commanding  General,  5th  USA 

ATTN:  Engineer 

Ft  Sam  Houston,  TX  78234 

AFCE  Center 

Tyndall  AFB,  FL  32403 

Commander,  D4RCCM 
Director,  Installation 
and  Services 
5001  Ei  ser' ower  Ave. 

Alexandria,  VA  22333 

Commander,  DARCCM 

ATTN:  Chief,  Engineering  Div. 

5001  Eisenhower  Ave 
Alexandria,  VA  22333  .  . 

Air  Force  Weapons  Lab/AFWL/DE 
Chief,  Civil  Engineering 
Research  Division 
Ki rtl and  AFB,  NM  87117 

Strategic  Air  Command 
ATTN:  DSC/CE  (DEEE ) 

Of fu*  !FB,  NE  68112 

Headquarters  USAF 

Directorate  of  Civil  Engineering 

AF/PREES 

Bolling  AFB,  Washington,  DC  20333 

Strategic  Air  Command 
Engineering 
ATTN;  Ed  Morgan 
Offutt  AFB,  NE  68113 

USAF  Institute  of  Technology 
AF IT/D ED 

Wright  Patterson  AFB,  OH  45433 

Air  Force  Weapons  Lab 
Technical  Library  (DOUL) 

Klrtland  AFB,  NM  87117 


Chief,  Naval  Facilities 
Engineer  Command 
ATTN:  Chief  Engineer 
Department  of  the  Navy 
Washington,  DC  20350  '• 

Commander 

Naval  Facilities  Engineering  Gnd 
200  Stovall  St 
Alexandria,  VA  22332 

Commander 

Naval  Facilities  Engr  Qnd 
Western  Division 
Box  727 

San  Bruno,  CA  94  066 

Civil  Engineering  Center 
ATTN:  Moreell  Library 
Port  Hueneme,  CA  93043 

Commandant  of  the  Marine  Corps 
rfQ,  US  Marine  Corps 
Washington,  DC  •  203  8  0 

National  Bureau  of  Standards  (4) 
Materials  4  Composiites  Section 
Center  for  Building  Technology 
Washington,  PC  20234 

Assistant  Chief  of  Engineer 
ftn  IE  668,  Pentagon 
Washington,  DC  20310 

The  Army  Library  -(ANRAL-R) 

ATTN:  Army  Studies  Section 
Room  1A  518,  The  Pentagon 
Washington,  DC  20310 

Commander-In-Chief 
USA,  Europe  • 

ATTN •  AFAFN 

APO  New  York,  NY  09403 


Commander 

USA  Foreign  .tience  and 
Technology  Center 
220.3th  St.  N.E. 
Charlottesville,  VA  22901 

Comma nder 

USA  Science  &  Technology 
Information  Team,  Europe 
APO  New  York,  NY  C971 0 

Commander 

USA  Science  &  Technology 
Center  -  Far  East  Office 
APO  San  Francisco,  CA  96328 

Commanding  General 

USA  Engineer  Cormand,  Europe 

APO  New  York,  NY  09403 

Deputy  Chief  of  Staff 
for  Logistics 
US  Army,  The  Pentagon 
Washington,  DC  2C310 

Commander,  TRADOC 
Office  of  the  Engineer 
ATTN:  Chief,  Facilities 
Engineering  Division 
Ft  Monroe,  VA  23651 

Commanding  General 
USA  Forces  Command 
Office  of  the  Engineer 
(AFEN-FES) 

Ft  McPherson,  GA  3  03  3  0 

Commanding  General 
USA  Forces  Command 
ATTN:  Ch':f,  Facilities 
Engineer  ng  Division 
Ft  McPherstn,  GA  3  03  3  0 

Commanding  General,  1st  USA 

ATTN:  Engineer 

Ft  George  G.  Meade,  MD  20755 


Commander 

USA  Support  Cormand,  Hawaii 
Fort  Shafter,  HI  96858 

Commander 

Eighth  US  Army 

APO  San  Francisco  96301 

Commander 

US  Army  Facility  Engineer 
Activity  -  Korea 
APO  San  Francisco  96301 

Commander 

US  Army,  Japan 

APO  San  Francisco,  CA  96343 

Facilities  Engineer 

Fort  Bel  voir 

Fort  Bel voir,  VA  22060 

Facilities  Engineer 

Fori  Benning 

Fort  Benning,  GA  31906 

Facilities  Engineer 
Fort  Bliss 

Fort  Bliss,  TX  79916 

Facilities  Engineer 
Carlisle  Barracks 
Carlisle  Barracks,  PA  17013 

Facilities  Engineer 

Fort  Chaffee 

Fort  Chaffee,  AR  .  72902 

Facilities  Engineer 
Fort  01  x 

Fort  01 x,  NJ  08640 

Facilities  Engineer 
Fort  Eustls 

Fort  Eustis,  VA  23604 
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Facilities  Engineer 

Fort  Gordon 

Fort  Gordon,  GA  30905 

Facilities  Engineer 

Fort  Story 

Fort  Story,  VA  23459 

Facilities  Engineer 

Fort  Hamilton 

Fort  Hamilton,  NY  11252 

Facilities  Engineer 

Kansas  Army  Ammunition  Plant 
Parsons,  KS  67357 

Facilities  Engineer 

Fort  A  P  Hill 

Bowling  Green,  VA  22427 

Facilities  Engineer 

Lone  Star  Army  Ammunition  Plant 
Texarkana,  TX  75501 

Facilities  Engineer 

Fort  Jackson 

Fort  Jackson,  SC  29207 

Facilities  Engineer 

Picatinny  Arsenal 

Dover,  NJ  07801 

Facilities  Engineer 

Fort  Knox 

Fort  Knox,  KY  40121 

Facilities  Engineer 

Louisiana  Amy  Ammunition  Plant 
Shreveport,  LA  71130 

Facilities  Engineer 

Fort  Lee 

Fort  Lee,  VA  23801 

Facll itie*  Engineer 

Milan  Army  Ammunition  Plant 
Milan,  TN  38358 

Facilities  Engineer 

Fort  McClellan 

Fort  McClellan,  AL  36201 

Facilities  Engineer 

Pine  Bluff  Arsenal 

Pine  Bluff,  AR  71601 

Facilities  Engineer 

Fort  Monroe 

Fort  Monroe,  VA  23551 

Facilities  Engineer 

Radford  Army  Ammunition  Plant 
Radford,  VA  24141 

Facilities  Engineer 

Presidio  of  Monterey 

Presidio  of  Monterey,  CA  93940 

Facilities  Engineer 

Rock  Island  Arsenal 

Rock  Island,  IL  61201 

Facilities  Engineer 

Fort  Pickett 

Blackstone,  VA  23824 

Facilities  Engineer 

Rocky  Mountain  Arsenal 

Denver,  CO  80340 

Facilities  Engineer 

Fort  Rucker 

Fort  Rucker,  AL  36362 

Facilities  Engineer 

Fort  Sill 

Fort  Sill,  OK  73503 

Facll 1  ties  Engineer 

Scranton  Army  /Vnmunitlon  Plant 
156  Cedar  Avenue 

Scranton,  PA  18503 

Facilities  Engineer 

Tobyhanna  Army  Depot 

Tobyhanna,  PA  18466 
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Facilities  Engineer 
Tooele  Army  Depot 
Tooele,  UT  84074 

Facilities  Engineer 
Arlington  Hall  Station 
400  Arlington  81 vd 
Arlington,  VA  22212 

Facilities  Engineer 
Cameron  Station,  31 dg  17 
5010  Duke  Street 
Alexandria,  VA  22314 


Facilities  Engineer 
Harry  Diamond  Laboratories 
2800  Powder  Mill  Rd 
Adel  phi  ,  MO  20733 

Facilities  Engineer 
Fort  Missoula 
Missoula,  MT  59801 

Facilities  Engineer 
New  Cumberland  Army  Depot 
New  Cumberland,  PA  17070 


Facilities  Engineer  Facilities  Engineer 

Sunny  Point  Military  Ocean  Terminal  Oakland  Army  Base 

Southport,  NC  28461  Oakland,  CA  94626 


Facilities  Engineer 
US  Military  Academy 
West  Point  Reservation 
West  Point,  NY  10996 

Facilities  Engineer 

Fort  Ritchie 

Fort  Ritchie.  MD  21719 

Facilities  Engineer 
Army  Materials  &  Mechanics 
Research  Center 
Watertown,  MA  02172 


Facilities  Engineer 
Ballistics  Missile  Advanced 
Technology  Center 
P.0.  Box  1500 
Hjntsville,  At  35307 


Facilities  Engineer 
Port  Walnwright 
I72d  Infantry  Brigade 
Fort  Walnwright;  A*  99703 

Facilities  Engineer 

Fort  Greely 

Fort  Greely,  AK  98733 

facilities  Engineer 

fort  Richardson 

fort  Richardson,  AK  99605 


Facilities  Engineer 
Vint  Hill  Farms  Station 
Warrentown,  VA  22186 

Facilities  Engineer 

Twin  Cities  Amy  Ammunition  Plant 

New  Brighton,  MN  55112 

Facilities  Engineer 
Volunteer  Amy  Ammunition  Plant 
Chattanooga;  TN  37401 

Facilities  Engineer 
Watervliet  Arsenal 
Watery  1 let,  NY  12189 

Facilities  Engineer 
St  Louis  Area  Support  Center 
Granite  City,  IL  62040 

Facilities  Engineer 

Fort  Monmouth 

Fort  Monmouth,  NJ  07703 

Facilities  Engineer 
Redstone  Arsenal 
Redstone  Arsenal ,  AL  35809 
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Facilities  Engineer 
Detroit  Arsenal 
Warren,  MI  4803  3 

Facilities  Engineer 

Aberdeen  Proving  Ground 

Aberdeen  Proving  Ground,  MD  21005 

Facilities  Engineer 
Jefferson  Proving  Ground 
Madison,  IN  47250 

Facilities  Engineer 
Dugway  Proving  Ground 
Ougway,  UT  84022 

Facilities  Engineer 
Fort  McCoy 
Sparta,  WI  54656 

Facilities  Engineer 

White  Sands  Missile  Range 

White  Sands  Missile  Range,  NM  83002 

Facilities  Engineer 
Yuma  Proving  Ground 
Yuma,  AZ  85364 

Facilities  Engineer 
Natick  Research  &  Oev  Ctr 
Kansas  St. 

Natick,  MA  01760 

Facilities  Engineer 
Fort  Bragg 

Fort  Bragg,  NC  28307  _ 

Facilities  Engineer 

Fort  Campbell 

Fort  Campbell,  KY  42223 

Facilities  Engineer 

Fort  Carson 

Fort  Carson,  CO  80913 

Facilities  Engineer 
Fort  Drum 

Watertown,  NY  13601 


Facilities  Engineer 
Fort  Hood 

Fort  Hood,  TX  76544 

Facilities  Engineer 
Fort  Indiantown  Gap 
Annville,  PA  17003 

Facilities  Engineer 
Fort  Lewis 

Fort  Lewis,  UA  98433 

Facilities  Engineer 

Fort  MacArthur 

Fort  MacArthur,  CA  90731 

Facilities  Engineer 

Fort  McPherson 

Fort  McPherson,  GA  3  0330 

Facilities  Engineer 

Fort  George  G.  Meade 

Fort  George  G.  Meade,  M0  20755 

Facilities  Engineer 
Fort  Polk 

Fort  Polk,  LA  71459 

Facilities  Engineer 
Fort  Riley 

Fort  Riley,  KS  66442 

Facilities  Engineer 

Fort  Stewart 

Fort  Stewart,  GA  31312 

Facilities  Engineer 
Indiana  Amy  Ammunition  Plant 
Charlestown,  IN  47111 

Facilities  Engineer 
Joliet  Amy  Ammunition  Plant 
Joliet,  IL  60436 

Facilities  Engineer 
Anniston  Amy  Depot 
Anniston,  AL  36201 
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Facilities  Engineer 
Corpus  Christi  Army  Depot 
Corpus  Christi,  TX  7841  9 

Facilities  Engineer 
Red  River  Army  Depot 
Texarkana,  TX  75501 

Facilities  Engineer 
Sacramento  Army  Depot 
Sacramento,  CA  95813 

Facilities  Engineer 
Sharpe  Army  Depot 
Lathrop,  CA  95330 

Facilities  Engineer 
Seneca  Army  Depot 
Romulus,  NY  14541 

Facilities  Engineer 
Fort  Ord 

Fort  Ord,  CA  93  941 

Facilities  Engineer 

Presidio  of  San  Francisco 

Presidio  of  San  Francisco,  CA  94129 

Facilities  Engineer 

Fort  Sheridan 

Fort  Sheridan,  II  60037 

Facilities  Engineer 
Holston  Army  Ammunition  Plant 
Kingsport,  TN  37662 

Facilities  Engineer 
Baltimore  Output 
Baltimore,  MO  21222 

Facilities  Engineer 

8ayonne  Military  Ocean  Terminal 

Bayonne,  Nj  07002 

Facilities  Engineer 

Bay  Area  Mil Itary  Ocean  Terminal 

Oakland,  CA  94626 


Facilities  Engineer 

Gulf  Output 

New  Orleans,  LA  70146 

Facilities  Engineer 

Fort  Huachuca 

Fort  Huachuca,  AZ  86513 

Facilities  Engineer 
Letterkenny  Army  Depot 
Chambersburg,  PA  17201 

Facilities  Engineer 
Michigan  Army  Missile  Plant 
Warren,  MI  48089 

COL  E.C.  Lussier 
Fltzslmons  Army  Med  Center 
ATTN:  HSF-DFE 
Denver,  CO  80240 

US  Army  Engr  Dlst,  New  York 
ATTN:  HANEN-E 
26  Federal  Plaza 
New  York,  NY  10007 

USA  Engr  Dlst,  Baltimore 
ATTN:  Chief,  Engr  Div 
P.0.  Box  1715 
Baltimore,  MD  21203 

USA  Engr  Dlst,  Charleston 
ATTN:  Chief,  Engr  Div 
P.0.  Box  919 
Charleston,  SC  29402 

USA  Engr  Dlst,  Detroit 
P.0.  Box  1027. 

Detroit,  MI  48231 

USA  Engr  Dlst,  Kansas  City 
ATTN:  Chief,  Engr  Div 
700  Federal  Office  Bldg. 

601  E.  12th  St 
Kansas  City,  MO  64106 
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USA  Engr  Dist,  Onaha 
ATTN:  Chief,  Engr  Oiv 
7410  U SOP  and  Courthouse 
215  N.  17th  St 
Qmha,  NE  68102 

USA  Engr  Dist,  Fort  Worth 
ATTN:  Chief,  SUFED-D 
P.0.  Box  17300 
Fort  Worth,  TX  76102 

USA  Engr  Dist,  Sacramento 
ATTN:  Chief,  SPKED-D 
650  Capitol  Mall 
Sacramento,  CA  95814 

USA  Engr  Dist,  Far  East 
ATTN:  Chief,  Engr  Oiv 
APO  San  Francisco;  CA  96301 


USA  Engr  Dist,  Japan 

APO  San  Francisco,  CA  96343 

USA  Engr  Oiv,  Europe 

European  Div,  Corps  of  Engineers 

APO  New  York,  NY  09757 

USA  Engr  Div,  North  Atlantic 
ATTN:  Chief,  NADEN-T 
90  Church  St. 

New  York,  NY  10007 

USA  Engr  Div,  South  Atlantic 
ATTN:  Chief,  SAEN-TE 
510  Title  Bldg 
30  Pryor  St,  $W 
Atlanta,  GA  3  03Q3 

USA  Engr  Dist,  Mobile 
ATTN:  Chief,  SAMEN-C 
P.0.  Box  2288 
Mobile,  Al  36601 

USA  Engr  Dist,  Louisville 
ATTN:  Chief,  Engr  Div 
P.0.  Box  59 
Louisville,  KY  40201 


USA  Engr  Div,  Norfolk 
ATTN:  Chief,  NAOEN-D 
803  Front  Street 
Norfolk,  VA  23510 

USA  Engr  Div,  Missouri  River 
ATTN:  Chief,  Engr  Div 
P.0,  Box  103  Downtown  Station 
Onaha,  NE  68101 

USA  Engr  Div,  South  Pacific 
ATTN:  Chief,  SPDED-TG 
630  Sansome  St,  Bit  1216 
San  Francisco,  CA  94111 

USA  Engr  Div,  Huntsville 
ATTN:  Chief,  HNDED-ME 
P.0.  Box  1600  West  Station 
Huntsville,  AL  3585? 

USA  Engr  Div,  Ohio  River 
ATTN:  Chief,  Engr  Div 
P.0.  Box  1159 
Cincinnati,  Ohio  45201 

USA  Engr  Div,  North  Central 
ATTN;  Chief,  Engr  Div 
536  S.  Clark  St. 

Chicago,  IL  60605 

USA  Engr  Div,  Southwestern 
ATTN:  Chief,  SWDED-TM 
Main  Tower  Bldg,  1200  Main  St 
Dallas,  TX  75202 

USA  Engr  Dist,  Savannah 
ATTN:  Chief,  SASAS-L 
P.0.  Box  889 
Savannah,  GA  31402 

Commander 

US  Army  Facilities  Engineering 
Support  Agency 
Support  Detachment  II 
Fort  Gillem,  GA  30050 
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Commander 

US  Army  Facilities  Engr  Spt  Agency 

ATTN:  MAJ  Brisbine 

Support  Detachment  III 

P.0.  Box  6550 

Fort  Bliss,  TX  79916 

NCOIC 

US  Army  Facilities  Engr  Spt  Agency 

Support  Detachment  III 

ATTN:  FESA-III-SI 

P.0.  Box  3031 

Fort  Sill,  OK  73503 

NCOIC 

US  Army  Facilities  Engr  Spt  Agency 
Support  Detachment  III 
ATTN:  FESA-III-PR 
P.0.  Box  29704 

Presidio  of  San  Francisco,  CA  94129 
NCOIC 

US  Army  Facilities  Engr  Spt  Agency 

ATTN:  FESA-III-CA 

Post  Locator 

Fort  Carson,  CO  80913 

Commander/CPT  Ryan 

US  Army  Facilities  Engr  Spt  Agency 

Support  Detachment  IV 

P.0.  Box  300 

Fort  Monmouth,  NJ  07703 

NCOIC 

US  Army  Facilities  Engr  Spt  Agency 

ATTN:  FESA-IV-MU 

P.0.  Box  300 

Fort  Monmouth,  NJ  07703 

NCOIC 

US  Army  Facilities  Engr  Spt  Agency 
Support  Oetachment  IV 
ATTN:  FESA-IV-ST 
Stewart  Army  Subpost 
Newburgh,  New  York  12250 

NCOIC 

US  Army  Facilities  Engineering 
Support  Agency 
Support  Oetachment  II 
ATTN:  FESA-II-JA  , 

Fort  Jackson,  SC  29207 


NCOIC 

US  Army  Facilities  Engr  Spt  Agency 

Support  Detachment  II 

ATTN:  FESA-II-BE 

P.0.  Box  2207 

Fort  Benning  GA  31905 

NCOIC 

US  Army  Facilities  Engr  Spt  Agency 
Support  Detachment  II 
ATTN:  FESA-II-KN 
Fort  Knox,  KY  40121 

Naval  Facilities  Engineering  Qnd 
Energy  Programs  Branch,  Code  1023 
Hoffmann  Bldg.  2,  (fir.  John  Hughes) 
Stovall  Street 
Alexandria,  VA  22332 

Commander 

US  Army  Facilities  Engineering 
Support  Agency 
FE  Support  Detachment  I 
APO  New  York,  NY  09081 

Navy  Energy  Office 
ATTN:  W.R.  Mitchum 
Washington  DC  20350 

David  C.  Hall 

Energy  Projects  Officer 

Dept,  of  the  Air  Force 

Sacramento  Air  Logistics  Cencer  (AFLC) 

2852  ABG/DEE 

McClellan,  CA  9$652 

USA  Engineer  District,  Chicago 
219  S.  pearborn  Street 
ATTN:  District  Engineer 
Chicago,  IL  60604 

Directorate  of  Facilities  Engineer 
Energy  Environmental  &  Self  Help  Center 
Fort  Campbell  ,  KY  42223 

Commander  and  Director 
Construction  Engineering  Research 
Laboratory 
ATTN:  COL  Clrceo 
P.0.  Box  4005 
Champaign,  IL  61820 
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Mr.  Ray  Heller 
Engineering  Services  Branch 
DFAE,  Bldg,  1950 
Fort  Sill,  OK  73503 

Commander-in-Chief 
HQ,  USA EUR 
ATTN:  AEAEN-EH-U 
APO  New  York  09403 

HQ  AFESC/ROVA 
ATTN:  Mr.  Hathaway 
Tyndall  AFB,  FL  32403 

Commander  and  Oi rector 

Construction  Engineering  Research  Lab 

ATTN :  Li  bra  ry 

P.0.  Box  4005 

Champaign,  IL  61820 

HQ,  5th  Signal  Command 
Office  of  the  Engineer 
APO  New  York  09056 

HQ,  Us  Military  Comnunity  Activity, 
Heil bronn 

Director  of  Engineering  &  Housing 
ATTN:  Rodger  D.  Romans' 

APO  New  York  09176 

Commanding  General 
HQ  USATC  and  Fort  Leonard  Wood 
ATTN:  Facility  Engineer 
Fort  Leonard  Wood,  MO  65473 

SSG  Ruiz  Burgos  Andres 
D.F.E.,  HHC  HQ  Ond  193d  Inf 
BOE 

Ft.  Clayton,  C/Z 

Energy/Envlronmental  Office 
ATTN:  David  R.  Nichols 
USMCA-NBG  (DEH) 

APO  New  York  096  96 

Commander 

535th  Engineer  Detacnment 

P.0.  Box  300 

Fort  Monmouth,  NJ  077  03 


NCOIC 

535th  Engineer  Detachment,  Team  A 

ATTN:  SFC  Prenger 

P.0.  Box  224 

Fort  Knox,  KY  40121 

NCOIC 

535th  Engineer  Detachment,  Team  B 

ATTN:  SP6  Cathers 

P.Oi  Box  300 

Fort  Monmouth,  NJ  07703 

NCOIC 

535th  Engineer  Detachment,  Team  C 

ATTN:  SFC  Jackson 

P.0.  Box  4301 

Fort  Eustis,  VA  23604 

NCOIC 

535th  Engineer  Detachment,  Team  D 
ATTN:  SFC  Hughes 
Stewart  Army  Subpost 
Newburg,  New  York  12550 

Commander 

Persidio  of  San  Francisco, 
California 

ATTN:  AFZM-DI/Mr.  Prugh 
San  Francisco,  CA  94129 

Facilities  Engineer 
Corpus  Christi  Army  Depot 
ATTN:  Mr.  Joseph  Canpu/Stop  24 
Corpus  Christi,  TX  78419 

Walter  Reed  Army  Medical  Center 
ATTN:  KHSWS- E/James  Prince 
6825  16th  St.,  NW 
Washington,  DC  20012 

Commanding  Officer 

Installations  and  Services  Activity 

ATTN:'  DRCIS-R I- 18 

Rock  Island  Arsenal 

Rock  Island,  IL  61299 
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Office  of  Secretary  of  Defense 
Installations  &  Housing 
ATTN:  Mr.  Millard  Carr 
WASH  DC  20301 

Commandant  (G-ECV-2/65) 

ATTN:  LTC  Peck 
US  Coast  Guard  HQTRS 
2100  2nd  St.  SW 
WASH  DC  20593 


HQ  AFESC/DEB 
ATTN:  COL.  William  J. 
Tyndall  AFB,  FL  32403 


Gaddi e 


